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1990.  The  beginning  of  a new  decade. 

The  past  ten  years  of  space  exploration  covered  the  whole  spectrum 
of  emotion  from  tragedy  to  triumph.  Then,  thanks  to  a once-every-175- 
years  alignment  of  the  planets,  and  more  importantly  to  the  hard  work  of 
some  3,000  people  over  the  past  17  years,  the  decade's  grand  finale  at 
Neptune  was  nothing  short  of  a “new  age”  miracle. 

Most  of  us  got  quite  melancholy  over  Voyager’s  “last  picture  show.” 
With  all  the  bye-byes,  so-longs  and  farewells,  it’s  only  natural.  Especially 
for  those  who  dedicated  a large  part  of  their  professional  careers — a 
total  of  11,000  work  years — to  making  the  "grand  tour”  possible.  Hats 
off.  There  have  never  been  two  more  amazing  robots  than  the  Voyager 
spacecraft. 

Don’t  despair,  though.  Voyagers  1 and  2 will  still  be  talking  to  us  into 
the  next  century,  or  at  least  we  expect  them  to,  as  they  head  off  in  search 
of  interstellar  winds  beyond  the  influence  of  our  Sun. 

After  that  we’ll  be  able  to  philosophize  for  years  about  the  Voyagers’ 
long  drift  through  silent  space,  a gold  record  of  Earth  sights  and  sounds 
attached  to  their  sides.  Even  the  idea  of  these  messages  in  a bottle 
reaching  other  civilizations  embodies  all  our  aspirations  for  a future  that 
transcends  the  present  generation. 

Voyager  was  a first,  and  you  can  only  be  first  once.  But  it  was  just  a 
warm-up  for  the  main  event,  as  you’ll  see  in  the  story  beginning  on  page 
18.  In  the  1990s  the  heavens  will  look  like  a veritable  airshow  of  space- 
craft, all  sling-shotting  around  the  Solar  System  as  if  we  owned  the 
place.  Mars  balloons,  comet  “penetrators,”  Saturn  orbiters.  Is  this  stuff 
for  real?  In  the  words  of  a JPL  scientist  as  he  viewed  Neptune’s  "Great 
Dark  Spot"  for  the  first  time,  "Wow!” 

The  other  day  we  were  talking  here  in  the  office  about  the  sophistica- 
tion of  these  planned  missions.  As  incredible  as  Voyager’s  capabilities 
are — and  anything  that  can  read  a newspaper  from  over  half  a mile 
away  is  “incredible”  in  my  book — it’s  still  using  computers  of  early  ’70s 
vintage.  Just  think  what  the  new-and-improved  planetary  travelers  will 
send  home. 

A hope  of  mine  is  that  all  these  thrilling  projects  on  the  drawing 
board  will  inspire  the  younger  generation  to  hit  the  books.  I have  a 
feeling  that  with  all  the  binary  digits  bombarding  Earth’s  radio  antennas, 
we’re  going  to  need  some  new  recruits  to  decipher  what  all  those  zeros 
and  ones  mean.  I’d  like  to  help  out,  but  my  skills  are  less  technically 
bent — I still  haven’t  figured  out  how  to  reprogram  the  clock  in  my  car. 

Yes,  for  a space  exploration  aficionado,  it’s  good  fortune  to  live  in  our 
times.  Bring  on  the  ’90s.  Bring  on  the  new  worlds. 
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Cold  Facts 

In  Bob  Gibson's  article  entitled  “Last 
Gas  Before  Mars/5  (October  1989),  the 
author  seems  to  be  confused  aboutthe 
nature  of  NASA's  COLD- SAT  program. 
During  our  interview,  I emphasized  that 
COLD-SAT  is  an  experimental  satellite 
which  will  be  utilized  to  develop  the 
technology  necessary  to  design  cry- 
ogenic space  systems,  including 
cryogenic  fluid  depots.  Mr.  Gibson 
incorrectly  equated  the  technology 
satellite  (COLD-SAT)  with  the  end 
product  (cryogenic  fluid  depots). 
There  is  no  intention  of  COLD-SAT 
serving  "as  a refueling  point  for  mis- 
sions to  the  Moon  or  the  the  planets." 

Mr.  Gibson  also  gives  a misplaced 
emphasis  to  locating  a refueling  point 
"at  a libration  point  near  the  Moon," 
which  was  only  one  of  the  secondary 
potential  locations  I mentioned  in  our 
interview.  The  most  probable  location, 
as  I mentioned,  would  be  in  low  Earth 
orbit,  at  or  in  the  proximity  of  space  sta- 
tion Freedom. 

E.  Patrick  Symons 
Chief,  Cryogenic  Fluids 
Technology  Office 
NASA  Lewis  Research  Center 

Responsibility 

The  article,  "How  to  Beat  the  High 
Cost  of  Space, " by  Gary  Stephenson 
and  Greg  Freiherr  (October  1989),  at 
last  mentions  in  print  the  collusion 
which  has  developed  between  NASA 
and  its  contractors.  The  contractors— 
one,  in  particular— are  largely  to 
blame  for  the  situation,  I'm  afraid.  Harri- 
son Storms,  former  president  of  North 
American  Aviation's  Space  Division,  is 
alleged  to  have  laid  down  the  dictum. 
"Find  out  what  the  customer  wants  and 
trace  it.i5 

Congress  is  said  to  share  much  of 


the  blame  for  the  present  situation,  but  I 
wouldn’t  hold  that  body  to  the  same 
responsibility  as  NASA  and  the  indus- 
try, When  NASA  lies  to  Congress  and  is 
backed  up  by  a spineless  group  of 
companies,  how  can  Congress 
possibly  know  what  to  do?  Even  the 
Office  of  Technology  Assessment  got 
all  its  information  for  its  advice  to  Con- 
gress from  NASA  reports  and  industry 
collaboration.  If  the  people  familiar  with 
the  situation  (industry  non- 
management employees)  can't  speak 
up  without  being  either  threatened  or 
actually  fired,  how  can  the  truth  be 
known?  That,  I think,  is  where  publica- 
tions like  yours  come  in.  The  press,  as 
in  hosts  of  other  instances  (Watergate 
comes  to  mind),  has  a real  responsibil- 
ity for  keeping  the  taxpayers  informed 
and  out  of  hot  water.  So  keep  it  up. 

Oliver  P Harwood 
Huntington  Beach , California 

Hydrogen  Economics 

Your  reference  to  the  fuel  cell  pow- 
ered by  hydrogen  in  the  October  1989 
issue  ("Notes  From  Earth")  is  most 
interesting.  A number  of  enthusiasts 
have  proposed  that  the  way  to  solve  a 
lot  of  our  pollution  problems  is  the  so- 
called  hydrogen  economy.  There  was 
an  excellent  write-up  on  this  in  Scien- 
tific American  several  years  ago,  and 
interested  parties  should  refer  to  that. 
This  would  propose  to  use  most  fuel 
sources  for  generating  hydrogen 
which,  unlike  electricity,  can  be  trans- 
ferred through  pipelines  for  vast 
distances,  with  very  few  losses,  and 
can  be  stored  cryogenically  for  peak 
load.  Demand  can  be  generated  for 
multiple  small  sources,  and  can  be 
produced  directly  by  nuclear  plants. 

W.R.  Hale,  M.D. 

Pomona,  California 
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A.  legacy  of  superior  scien 
tific  spacecraft. 


#i?iV 

TRW  Space  & Technology 
Group 


Born  of  Noble  Lineage 


Our  spacecraft  trace  their 
heritage  from  the  beginning 
of  NASA  through  today’s 
major  astrophysics  and  solar 
physics  programs. 

Explorer  VI  measured  the 
interaction  between  solar 
wind  and  the  earth’s  mag- 
netic field. 

Pioneer  5 mapped  the  inter- 
planetary magnetic  field. 
Then  came  six  Orbiting  Geo- 
physical Observatories  and 
solar  orbiting  Pioneers  6-9. 


Three  High  Energy  Astron- 
omy Observatories  linked  us 
to  two  of  NASA's  Great 
Observatories:  the  Gamma 
Ray  Observatory  and  the 
Advanced  X-ray  Astrophys- 
ics Facility.  Both  will  collect 
information  that  should  help 
reveal  the  origins  and  the 
destiny  of  our  universe. 


Now  traveling  beyond  the 
solar  system,  17-year-old 
Pioneer  10  is  seeking  the 
boundary  between  the 
solar  atmosphere  and  inter- 
stellar gas. 


The Observatory 

Thoughts  on  the  Presidents  Proposal 


n the  20th  anniversary  of  the 
Apollo  II  Moon  landing,  Presi- 
dent Bush  proposed".. .a  long-range 
continuing  commitment”  to  human 
space  exploration.  Reaffirming  space 
station  Freedom  as  the  goal  for  the 
1990s,  the  President  envisions  a per- 
manent return  to  the  Moon  for  the  new 
century,  then  human  exploration  of 
Mars. 

The  proposal,  far-reaching  in  its 
implications,  is  worthy  of  the  kind  of 
broad  national  debate  necessary  in  a 
democratic  society  that  must  reach 
a consensus  on  its  major  goals.  A 
vigorous  public  discussion  has  yet  to 
occur,  however,  perhaps  due  to  the  fact 
that  the  proposal  was  short  on  imple- 
mentation strategy,  a challenge  the 
President  assigned  to  the  National 
Space  Council. 

Early  reaction  by  exploration  advo- 
cates, although  expressing  some  dis- 
appointment over  the  lack  of  specifics, 
generally  viewed  the  proposal  as  pos- 
itive and  on-track.  Editorial  page 
detractors,  meanwhile,  haven’t  been  as 
numerous  nor  as  vocal  as  one  might 
expect  (a  lull  before  the  storm?).  Their 
objections  seem  like  deja  vu  from  the 
1960s,  when  President  Kennedy’s 
Apollo  proposal  drew  fire  from  the  sci- 
ence community  and  from  proponents 
of  liberal  social  programs.  The  former 
said  that  lunar  science  could  be  done 
much  less  expensively  by  automated 
spacecraft,  while  the  latter  argued  that 
the  money  and  brainpower  would  be 
better  spent  providing  housing,  food 
and  health  care  for  the  needy,  or  restor- 
ing our  inner  cities  to  a livable 
condition. 

Today’s  reaction  from  the  scientific 
community  is  muted,  partly  by  a recog- 
nition that  human  space  exploration 
isn’t-and  never  has  been-motivated 
primarily  by  the  prospect  of  accom- 
plishing scientific  research.  It  is,  as  the 
National  Academy  of  Sciences  has 
agreed,  largely  a political  decision 
from  which  scientific  benefits  can  flow. 
Moreover,  careful  analysis  shows  that 
as  the  total  NASA  budget  goes,  so 
goes  the  space  science  budget  (Con- 
gress has  even  mandated  that  the 


A new  initiative , 
and  a new  impera  tive 

▼ ▼ ▼ 

ByNoelW.Hinners 

space  and  Earth  sciences  shall  receive 
at  least  20  percent  of  the  NASA 
budget). 

Perhaps  more  important,  the 
“manned”  and  "unmanned”  sides  of 
the  space  program  have  seen  a thaw  in 
their  historical  Cold  War;  NASA  and  its 
advisory  committees  are  working  to 
break  down  the  artificial  dichotomy 
between  automated  and  human  explo- 
ration, advocating  a mix  in  which 
humans  are  used  for  what  they  do 
best  (reaction  to  unforeseen  circum- 
stances, dexterous  manipulation)  and 
machines  are  used  for  tasks  that  are 
either  dangerous,  too  expensive  to 
involve  people,  or  for  which  there  is 
simply  no  point  in  sending  humans. 

Like  Apollo,  the  human  explorations 
of  the  next  century  will  require  site- 
survey  engineering  data  that  bear  on 
mission  safety.  Those  data-from  auto- 
mated orbiters  and  landers-also  will  be 
scientifically  valuable.  As  to  the  need 
for  a precursor  automated  sample 
return,  we  could  conduct  a Mars  mis- 
sion without  first  returning  a sample, 
and  avoid  the  expense;  after  all,  Apollo 
was  done  that  way,  and  everything 
worked  out  just  fine.  But  the  exploration 
of  Mars  will  greatly  exceed  Apollo  in 
cost,  time  and  effort,  and  will  not  have 
the  same  frequency  of  missions.  We 


must  therefore  take  the  fullest  possible 
advantage  of  the  Mars  crew’s  time.  To 
acquire  samples  beforehand,  and  to 
formulate  techniques  for  later  detailed 
sampling  by  intelligent  humans,  makes 
eminent  sense.  Apollo  11  would  have 
been  scientifically  more  productive  if 
we’d  had  the  samples  from  automated 
Soviet  Luna  missions  several  years 
before  the  landing. 

Addressing  the  concerns  of  those 
who  believe  that  human  exploration  is  a 
misplaced  priority  compared  to  social 
programs  is  a greater  challenge  than 
arguing  the  mix  of  humans  and 
machines,  and  gets  to  the  basic  ques- 
tion of  "why?".  President  Bush,  provid- 
ing essential  political  leadership, 
answers  with  "Because  it  is  humanity’s 
destiny  to  strive,  to  seek,  to  find.” 
Appealing  to  destiny,  however  satisfy- 
ing to  those  who  are  fortunate  enough 
to  be  directly  involved,  says  nothing  to 
explain  "why  now”  to  our  citizenry. 

Surely  a part  of  the  rationale  should 
involve  education-currently  in  a crisis 
similar  to  that  of  the  Sputnik  era.  Space 
exploration,  especially  human  space 
exploration,  clearly  can  help  motivate 
our  youth  to  learn,  to  enquire,  to  apply 
themselves  to  creative  purpose.  Once 
educated,  they  see  and  appreciate  the 
beauty  of  the  nature  we  explore.  Knowl- 
edge becomes  a joy  far  better  than  that 
proffered  by  the  temporary  high  of 
mind-killing,  stultifying  drugs.  Our 
challenge  is  to  use  space  exploration 
to  kindle  the  inherent  primacy  and 
potential  of  the  human  spirit. 

And,  yes,  we  can  send  machines  into 
space.  But  not  as  a substitute  for  the 
human  venture.  Let  us  respond  with 
vigor  and  excitement  to  the  sublime 
urge  to  “extend  human  presence  into 
the  Solar  System,”  a presence  which 
will  never  be  transmitted  by  antenna. 

Now  Vice  President  for  Strategic  Plan- 
ning at  Martin  Marietta,  Dr.  Hinners 
headed  NASA's  space  science  pro- 
gram in  the  1970s,  and  until  recently 
was  the  space  agency's  Associate 
Deputy  Administrator.  The  opinions 
here  are  his  own,  and  do  not  reflect 
those  of  the  Martin  Marietta  Corp. 
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. . . conveying  the  vision  and  technological 
possibilities  of  a spacefaring  civilization 
belter  than  anything  that  has  come  along  in 
years . . . synthesizes  the  romantic  excite- 
ment with  the  technological  realities  ol 
space  travel . . 

Final  Frontier  magazine 


In  A.D.  2037,  Journalist-illustrator  Danielle  McKinzie  accompa- 
nies 24  emigrants  to  Mars'  Jamestown  II  colony.  Her  account 
of  the  journey,  for  Planetary.  Explorer  magazine,  gives  us  a 
glimpse  of  space  travel  based  on  the  imaginations  and  predic- 
tions of  scientists,  engineers,  and  humanists  at  work  back  in 
the  1980s. 

The  Emigrant  Trail  shows  technologies  and  government,  com- 
mercial, and  social  infrastructures  that  are  logical  extensions 
of  today's.  The  book  reflects  two  years  of  research  with  techni- 
cal specialists.  Yet  it  shows  not  only  vehicles,  equipment,  and 
facilities  but  the  lives  of  the  pioneers  who  will  bring  their  tal- 
ents and  their  dreams  to  interplanetary  travel! 


YES.  Please  send. 


. copies  of  The  Emigrant  Trail  to 


Send  check  or  money  order  made  out  to  General  Dynamics.  Ad- 
dress orders  to  General  Dynamics  Space  Systems  Division, 
The  Emigra  nt  Trail,  RO.  B ox  85990,  San  Diego,  CA  921 38.  $4.90 
U.S.  dollars  each  plus  $1.50  shipping  and  handling.  Ask  for 
quote  on  bulk  purchases.  Allow  3 to  4 weeks  for  delivery. 


Global  Currents 


Ticket  to  Ride 


stronaut  Wanted:  No  Experi- 
ence Necessary.” 

So  read  the  headline  of  an  advertise- 
ment carried  by  the  London  Times  and 
other  British  newspapers  last  July 
Below  this  startling  banner,  the  advert 
revealed  that  Glavcosmos,  the  Soviet 
space  administration,  had  offered  to  fly 
a British  astronaut  to  the  Mir  space  sta- 
tion in  1991.  Many  an  early  morning 
commuter  must  have  thought  it  was  a 
hoax,  but  by  the  time  the  country’s 
media  had  taken  up  the  story,  the  16- 
line  switchboard  of  the  astronaut  hot- 
line was  jammed  with  callers.  And  by 
the  closing  date,  15  days  later,  almost 
13,000  applications  had  been 
received. 

Had  the  British  people  been  affected 
bythe  uncommonly  hot  summerweath- 
er,  or  was  this  part  of  the  madness 
associated  with  the  media  silly  sea- 
son? Neither.  The  mission,  code- 
named  "Juno,”  is  the  result  of  a joint 
venture  between  a British  private  enter- 
prise consortium  and  the  Moscow 
Narodny  Bank,  (twill  be  the  first  entirely 
commercial  space  venture,  funded  by 
the  sale  of  sponsorship  and  merchan- 
dising packages,  payload  space  for 
scientific  experiments  and  broadcast- 
ing rights.  The  mission’s  cost,  quoted 
as  16  million  pounds  ($26  million),  will 
be  covered  in  part  by  the  sale  of  adver- 
tising space  on  the  astronaut’s  space- 
suit  and  the  launch  vehicle. 

This  also  will  be  the  first  time  a British 
citizen  has  been  into  space.  The  U.K.’s 
first  astronaut  was  to  have  been  a mili- 
tary man,  trained  by  NASA  as  a space 
shuttle  payload  specialist  for  the  1986 
launch  of  a U.K.Skynet  communications 
satellite.  But  after  the  Challenger  dis- 
aster, the  satellite  was  moved  to  an 
expendable  launch  vehicle  and  the 
astronaut  candidates  were  returned  to 
their  earthbound  posts. 

The  Juno  mission  offers  the  title  of 
the  first  British  astronaut  to  “the  ordi- 
nary man  in  the  street.”  But  in  the  real 
world  all  men  are  not  equal:  Applicants 
have  to  be  fit  and  healthy  21-to  40-year- 
olds  of  either  sex,  with  a degree  in  sci- 
ence and  a proven  ability  to  learn  a 
foreign  language  (the  two  finalists  will 


Britain's  foray  into  space  tourism 

▼ ▼ ▼ 

By  Mark  Williamson 


be  required  to  learn  Russian  as  part  of 
their  training). 

Of  the  13,000  who  phoned  the  hot- 
line, 3,500  made  it  over  the  first  hurdle 
by  submitting  an  application  form.  By 
early  August,  they  had  been  whittled 
down  to  150  candidates  who  would 
undergo  the  first  phase  of  medical 
assessment.  One  of  those  was  Dave 
Gibbon,  a 26-year-old  satellite  propul- 
sion engineer  with  British  Aerospace 
Space  Systems.  The  newspaper 
advert  had  been  pinned  to  notice- 
boards  around  his  plant,  where  it 
provoked  reactions  from  ridicule  to  dis- 
belief. But  in  competitive  spirit,  and 
with  an  eye  to  the  rewards  of  success, 
Gibbon  and  a number  of  colleagues 
decided  to  “give  it  a go.” 

Along  with  all  the  other  candidates, 
they  endured  a full  day  of  physical  and 
psychological  testing.  The  psychologi- 
cal tests,  which  included  an  analysis  of 
mental  aptitude  and  personality,  were 
similar  to  those  taken  by  applicants  for 
professional  or  managerial  posts,  and 
included  a number  of  yes/no  questions 
like,  “Are  you  happy-go-lucky?”,  “Do 
you  kick  animals?”  and  “Have  you  any 
endorsements  on  your  driving 
license?”  Is  this  how  it  was  for  the  Mer- 
cury Seven? 

According  to  Gibbon,  the  academic 


level  of  the  applicants  was  surprisingly 
high,  with  a significant  proportion  of 
Ph.D.s  among  them.  In  true-Brit  style, 
he  remains  “moderately  confident.” 

The  30  candidates  picked  for  phase 
three  face  another  round  of  tests, 
including  skull  and  spinal  x-rays, 
measuring  the  response  to  severe 
physical  exertion,  and  what  a briefing 
paper  describes  as  “a  number  of  other 
mildly  unpleasant  procedures.”  It  later 
adds  cheerfully  that  the  tests  will  be  “in 
no  way  hazardous  to  your  health  or 
well-being.” 

Fifteen  “survivors”  will  be  selected 
for  the  next  phase,  a series  of  aerody- 
namic tests  to  judge  their  reaction  to  g- 
forces  and  simulated  weightlessness. 
Finally,  the  four  best  candidates  will 
visit  the  USSR  for  further  assessment 
by  Glavcosmos  personnel.  The  names 
of  the  two  finalists  will  be  announced  in 
November,  and  their  18-month  astro- 
naut training  program  will  begin. 

Glavcosmos  will  train  the  two 
astronauts  at  the  Gagarin  Center  in 
Star  City  near  Moscow  in  preparation 
for  an  eight-day  flight,  due  to  take 
place  between  March  and  July  1991. 
Only  one  of  the  successful  candidates 
will  venture  into  space;  the  other  will 
remain  on  Earth  to  act  as  a “control,” 
carrying  out  identical  experiments  to 
those  being  performed  in  orbit. 

The  experiments,  developed  by  Brit- 
ish scientists  and  engineers  on  behalf 
of  sponsors,  may  include  pharmaceu- 
tical and  semiconductor  research, 
studies  of  gravity’s  effect  on  the  devel- 
opment of  organisms,  and  research 
into  bone-wasting  diseases.  Heinz 
Wolff,  the  chairman  of  the  experiment 
selection  board  and  a well-known  sci- 
ence popularizer  in  the  U.K.,  is  con- 
vinced that  “the  results  of  the 
experiments  will  add  significantly  to 
mankind’s  knowledge.” 

Not  only  does  the  Juno  mission  make 
history  for  Britain,  it  breaks  new  ground 
for  manned  spaceflight  in  general, 
being  the  first  such  mission  to  be 
funded  by  the  private  sector.  In  these 
times  of  financial  stringency  in  govern- 
ment space  budgets,  it  could  be  a 
foretaste  of  things  to  come.  □ 
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NEPTUNE  NASVJPL 


Tht*  Voyager  2 encounter  w ith 
Neptune  was  a historic  event  in  human 
exploration  — as  well  as  a stunning 
example  of  humanity's  achievements 
in  space. 

Only  since  Galileo  first  turned 
his  telescope  on  them  in  1610  have  we 
known  the  planets  as  more  than  points 
of  light,  as  different  worlds  with  their 
own  personalities. 

The  Planetary  Society  salutes  the 
end  of  Voyagers  12 -year  "Grand  Tour” 
of  the  outer  solar  system  and  the  close 
of  this  first  chapter  of  planetary  explora- 


tion. We  applaud  the  dedicated  teams 
of  engineers,  technicians  and  scientists 
who  provided  us  with  these  picture 
postcards  from  space  and  astounding 
adv  ances  in  planetary  science. 

We  hope  that  this  event— shared 
simultaneously  with  millions  of  people 
around  the  world  — will  revive  the  dedi 
cation  and  vision  required  for  future 
discoveries.  Mars.  Venus.  Jupiter. 

The  Sun.  And  beyond.  I 

Bon  voyage,  Voyager. 

We  await  your  next  message 
from  bevond  the  solar  system. 


THE  PLANETARY  SOCIETY 


65  North  Catalina  Avenue,  Pasadena,  CA  9/106  9899 
Call  6800  255-2001  or 
ivtite fora  free  information  brochure. 


ZAP  + BEER  - ART! 

nhe  same  week  that  the  Soviet 
Union  launched  a pair  oi 
| spacecraft  to  the  Martian  moon 
| Phobos  last  year,  Michael  Heivly  sent  a 
I mission  of  his  own  into  deep  space, 
j Instead  of  launching  an  expensive  and 
: elaborately  designed  probe  loaded 
j with  scientific  instruments,  Heivly's 
i "spacecraft"  was  a one-work  rnicro- 
j wave  art  show  that  should  play 
I throughout  the  galaxy, 
i Starting  with  a topographical  map  of 
\ San  Diego's  Balboa  Park,  the  Bakers- 
j field,  California,  artist  gave  each  con- 
j tour  line  a specific  musical  note.  The 
j information  was  fed  into  a computer 
j that  changed  it  into  digital  data;  Heivly 
j then  used  a music  synthesizer  to  con- 
j vert  the  data  into  sound. 

| After  sending  the  sound  through  a 
j transmitter  that  changed  it  into  micro- 
| waves,  the  resulting  energy,  repre- 
■ senting  the  landscape,  was  zapped 
| into  space  by  six  antennas.  "The  result 
j is  a vast  conical  radio  wave  sculpture 
I not  unlike  the  solid  mass  of  traditional 
i sculpture,11  Heivly  says. 

! Heivly  has  sent  five  other  landscape 
j sculptures'  into  space  during  the  last 
: five  years,  and  Is  working  on  a similar 
i project  for  the  millennium  He  plans  to 
I use  26-foot-tall  concrete  monoliths 


with  antennas  to  beam  into  space  a 
topographic  map  of  part  of  the  San 
Andreas  fault  along  the  Carrizo  Plain  of 
central  California. 

"We  have  to  include  art  and  poetry  in 
the  exploration  of  the  universe,"  says 
Heivly.  "Besides,  most  artists  I know 
have  been  in  deep  space  all  their 
lives." 

Heivly  adds  that  the  microwave 
energy  will  hold  its  shape  for  hundreds 
of  thousands  of  years,  giving  it  a longer 
life  than  any  art  now  on  the  planet.  But 
the  biggest  question  is  whether  his  art 
transmissions  will  be  intercepted  and 
understood  by  members  of  an  alien 
civilization, 

Tm  sure  there's  someone  out  there 
who  is  able  to  hear  in  the  microwave 
range,"  Heivly  insists.  "And  since  I'm 
able  to  encode  my  art  Into  microwave 
energy,  I'm  certain  there  are  little  green 
men1  who  can  decode  it.w 

—Ken  Wells 


OLD  BIRD,  NEW  WINGS 


When  shuttle  orbiter  Columbia 
rocketed  into  space  in 
August,  NASA  officials  toasted  more 
than  just  another  successful  launch. 
Columbia's  fiery  ascent  capped  a 
three-and-a-half-year  recovery  effort, 
as  well  as  a race  against  the  clock  to 


preserve  NASA's  fragile  payload 
schedule. 

Much  like  Discovery  and  Atlantis, 
Columbia  underwent  a face-lift  involv- 
ing 258  modifications  In  the  years  fol- 
lowing the  Challenger  accident. 
NASA's  original  space  shuttle  got  an 
overhauled  thruster  system  to  reduce 
the  risk  of  fuel  leaks  and  to  improve 
propellant  flow.  Columbia  also 
received  new  fuel  cells  and  associated 
plumbing,  an  improved  set  of  auxiliary 
power  units  to  drive  the  craft's  engines 
and  wing  surfaces  in  flight,  and  an 
escape  system  astronauts  would  use  if 
the  orbiter  fails  to  make  a runway 
landing. 

The  old  bird's  “feathers"  caused  the 
most  trouble  In  readying  Columbia  for 
STS-28.  Roughly  8,000  thermal  tiles  on 
the  spaceliner  s payload  bay  doors  and 
mid-body  were  removed  and  replaced 
with  the  newer,  lighter  thermal  blankets 
used  on  Discovery  and  Atlantis.  Each 
tile  had  to  be  removed  by  hand  and  the 
replacements  tested  to  assure  bond- 
ing to  the  aluminum  skin  underneath. 

Since  Columbia  had  been  buiit  in  the 
late  1970s,  before  any  winged  craft  had 
actually  orbited,  it  weighed  nearly  7000 
pounds  more  than  later  shuttles.  The 
weight  savings  of  the  insulation  blank- 
ets was  essential  if  Columbia  was  to 
match  the  performance  of  its 
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Ml.  HEIVLY 


stablemates.  In  fact,  tile  rebonding  and 
replacement  continued  even  after  the 
orbiter  was  stacked  with  its  external 
tank  and  solid  boosters,  with  some 
work  completed  on  the  launch  pad 
itself. 

When  Columbia  rolled  out  to  Pad  39B 
in  late  summer,  it  looked  almost  new.  It 
still  sported  its  unique  wing  markings 
(a  simple  "USA"  and  American  flag), 
along  with  the  distinctive  black  "V"  of 
high-temperature  tiles  on  the  gloves  of 
the  inner  wings.  Only  her  name  was 
moved,  to  the  outside  of  the  crew  mod- 
ule, due  to  the  new  insulating  blankets 
on  the  cargo  bay  doors. 

Officials  at  the  Edwards  Air  Force 
base  landing  site  pronounced  Colum- 
bia clean  as  a whistle  after  its  classified 
mission.  Said  NASA’s  associate 
administrator  J.R.  Thompson  following 
Columbia’s  return:  “She  may  be  an  old 
bird,  but  she’s  still  got  a lot  of  life  in  her." 

— Frank  Sietzen,  Jr. 

DEJA  VIEW 

merican  and  Soviet  hardware 
probably  will  return  to  the  sur- 
face of  Mars  sometime  before  the  turn 
of  the  century.  Exotic,  unexplored 
areas  such  as  the  massive  extinct  vol- 
cano Olympus  Mons  and  the  sprawling 
Mariner  Valley  often  are  mentioned  as 
candidate  landing  sites  for  a sample 
return  mission. 

With  all  that  nifty  real  estate  un- 
touched by  robotic  hand,  why  does 


A tethered  satellite  like  the  one  above 
could  sample  the  Martian  atmosphere. 
Chryse  Planitia  (bottom)  may  be 
revisited  by  robot  explorers. 

Bob  Craddock  want  the  next  Mars 
explorers  to  touch  down  in  “our  own 
backyard" — Chryse  Planitia,  site  of  the 
1976  Viking  1 landing? 

“The  best  reason  is  that  we’ve 
already  been  there,"  says  Craddock,  a 
researcher  with  the  National  Air  and 
Space  Museum’s  Center  for  Earth  and 
Planetary  Sciences.  “The  Viking  lander 
photographs  have  given  us  ground 
truth  observations  as  to  what  the  sur- 
face of  Mars  is  like,  and  a sample  from  a 
known  location  is  needed  to  under- 
stand the  history  and  evolution  of 
Mars." 

Craddock  points  out  that  Martian 
geological  history  presently 
is  divided  into  three 
"ages"  based 


on  the  density  of  craters  observed  on 
past  missions,  but  the  absolute  time 
frame  of  each  age  is  unknown.  The  Vik- 
ing 1 lander  sits  atop  materials  from  a 
period  of  widespread  volcanism  and 
channel  formation;  Craddock  believes 
a sample  of  Chryse  Planitia,  brought 
back  to  Earth  for  radiometric  dating, 
would  allow  us  to  date  practically  every 
other  event  on  Mars. 

“Rocks  seen  by  the  lander  could  also 
be  brought  back  to  settle  the  debate 
concerning  composition  and  erosional 
properties,"  says  Craddock.  “And  the 
crater  caused  by  the  jettisoned  Viking 
aeroshell  is  within  a kilometer  of  the 
Slander:  samples  from  this  [new]  cra- 
ter’s ejecta  represent  the  upper  few 
meters  of  the  surface,  saving  the 
trouble  of  placing  a drill  on  the  rover." 

Craddock  admits  that  some  other 
sites  might  have  a wider  variety  of 
geologic  materials,  but  the  chance  of  a 
successful  landing— and  the  scien- 
tific payoff — are  unknown.  His  ultimate 
solution?  Go  back  to  doing  things  the 
“Viking  way." 

“If  the  rover  mission  flies  in  a pair  as 
planetary  missions  did  in  our  heyday," 
says  Craddock,  “then  the  first  could 
return  to  Chryse  Planitia— and  the  sec- 
ond could  land  in  someone  else's 
backyard."  — Les  Dorr,  Jr. 

THE  REEL  THING 

o matter  how  they  read  his 
lips,  neither  friend  nor  foe 
understands  how  George  Bush  in- 
tends to  pay  for  a Mars  trip.  Two  NASA 
studies,  however,  may  show  how 
we  can  do  things  on  a “shoe- 
string” once  we  get  there. 


Columbia  lands  at  Edwards  to  wrap  up  STS-28.  Most 
of  the  orbiter’s  258  post-Challenger  modifications 
were  internal  rather  than  cosmetic. 


Alan  Stern  of  the  University  of 
Colorado  and  Eric  Rice  of  Orbitech, 
Inc.  in  Madison,  Wisconsin,  both  have 
won  contracts  to  study  the  technology 
of  using  miles-long  tethers  deployed 
from  spacecraft  in  orbit  around  the  Red 
Planet.  In  both  cases,  creativity  may  be 
the  mother  of  affordability. 

"Every  two  years  Mars  has  a massive 
dust  storm  that  extends  upwards  about 
300,000  feet.  We  hope  to  show  that  we 
could  reel  down  a collection  device 
from  orbit  to  pick  up  samples  of  this 
dust,”  Stern  explains.  "If  you  leave  it  for 
a few  days,  you  would  get  about  a 
pound  of  Martian  dust.  You  could  also 
keep  reeling  it  down  and  back  to  get 
more  and  more  samples.” 

Rice’s  idea  is  to  snake  a hollow  tube 
down  from  orbit  and  scout  out  carbon 
dioxide  in  the  Martian  atmosphere.  He 
believes  that  the  CO2  could  be  used  as 
a low-power  rocket  propellant.  “The 
idea  is  to  use  the  resources  that  are 
available  wherever  you  can  find  them.  If 
you  can  find  it  in  orbit,  you  don’t  have  to 
bring  it  there,"  says  Rice. 

Stern  and  Rice  should  be  wrapping 
up  their  Mars  tether  studies  in  early 
1991,  just  about  the  time  NASA  flight- 
tests  a 12-mile-long  tether  from  shuttle 
orbiter  Atlantis.  According  to  Ivan 
Bekey,  a leading  tether  advocate  at 
NASA  headquarters  in  Washington,  the 
technology  is  just  now  getting  the 
attention  it  deserves. 

“People  like  complicated,  sophis- 


ticated, engineering  challenges. 
Tethers  are  so  simple  that  they  haven't 
been  taken  seriously,"  says  Bekey. 
“People  have  always  thought  in  terms 
of  rockets  and  new  technologies,  when 
in  reality  you  can  use  the  simple,  funda- 
mental laws  of  physics  to  do  the  same 
job." 

“We  want  the  country  to  want  to  go  to 
Mars,”  Stern  says,  "so  we  want  NASA  to 
have  all  the  options,  not  just  the  classic 
ones."  —Maura  J.  Mackowski 

GERM  OF  AN  IDEA 

nvironmental  impact  studies 
don’t  stop  at  the  fringes  of  our 
atmosphere.  As  we  think  seriously 
about  returning  to  Mars,  mission  plan- 
ners are  reconsidering  a decades-old 
question:  How  do  we  protect  Them 
from  Us  and  Us  from  Them? 

Before  the  twin  Viking  spacecraft 
headed  out  to  Mars  in  the  1970s,  they 
were  baked  at  113  degrees  Centigrade 
(235  degrees  Fahrenheit)  and  sur- 
rounded by  a bioshield  enclosure. 
NASA  wanted  to  ensure  that  future 
explorers  of  the  Red  Planet  wouldn't 
mistake  organisms  that  really  came 
from  Earth  for  extraterrestrial  life.  But 
the  Viking  landers  found  no  signs  of 
indigenous  organic  critters  on  the  Mar- 
tian surface,  and  few  scientists  think 
there’s  any  real  chance  that  life  exists 
there  now. 

In  1984,  the  international  Committee 


for  Space  Research  (COSPAR)  issued 
a new  policy  that  abandoned  stringent 
quantitative  requirements  for  contami- 
nation protection  in  favor  of  more  flex- 
ible,  qualitative  guidelines  that 
consider  where  you’re  going  and  what 
you’re  going  to  do  when  your  space- 
craft gets  there.  For  example,  the 
possibility  of  life  on  the  gaseous  outer 
planets  is  remote,  so  the  Galileo 
spacecraft  underwent  some  cleaning, 
but  no  real  sterilization. 

Still,  safeguarding  the  Red  Planet 
figures  into  the  blueprints  for  future 
missions.  NASA  has  revitalized  its 
“planetary  protection"  program,  and  a 
workshop  for  exo-biologists  and  mis- 
sion planners  is  set  for  early  1990. 

Attempting  an  automated  sample 
return — a prime  candidate  for  a late 
1990s  mission — also  raises  another 
issue.  What  if  there  are  organisms  on 
Mars  that  could,  in  turn,  be  transferred 
back  to  Earth?  That  possibility  compli- 
cates design  of  both  a spacecraft  and 
its  flight  plan.  The  sample  itself  must  be 
sealed  securely,  loaded  into  an  uncon- 
taminated  return  craft  and  then 
brought  millions  of  miles  home  to  a 
safely  quarantined  lab. 

The  consensus  seems  to  be  that  as 
long  as  we  don’t  really  know  what’s  out 
there,  it’s  probably  best  to  ensure  that 
any  robotic  foot  we  plant  on  the  Martian 
surface  doesn’t  leave  an  imprint  we 
can  never  erase. 

— Ray  Spangenburg/Diane  Moser 
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Follini  in  isolation:  serious 
science  or  circus  stunt? 


arlier  this  year,  Ste- 
U fania  Follini  emerged 
from  Lost  Cave  near  Carls-  I 
bad,  New  Mexico,  after  130  ,, 

days  in  voluntary  isolation — 
the  world’s  record  for  a | 
woman.  But  now  that  all  the 
media  hype  has  subsided,  researchers 
are  divided  over  whether  the  experi- 
ence of  the  27-year-old  Italian  interior 
decorator  was  a valid  scientific  experi- 
ment or  little  more  than  a stunt. 

There  was  considerable  conjecture 
about  NASA’s  involvement  with  the 
project,  but  the  space  agency  empha- 
tically put  such  questions  to  rest. 

"NASA  did  not  participate  in  any  formal 
way  with  this  experiment,  nor  did  we 
supply  any  funding  for  the  project. 

Right  now,  all  NASA’s  plans  involve  mis- 
sions with  several  members  [not  just 
one  person]  in  the  crew,”  said  Pam 
Alloway  at  Johnson  Space  Center. 

Yet  some  experts  here  and  abroad 
maintain  that  isolation  studies  have 
important  implications  for  space  voya- 
gers.  Jon  DeFrance,  a neuro- 
psychologist who  specializes  in  human 
performance  and  attention  disorders 
at  the  University  of  Texas  Medical 
School  in  Houston,  says  that  although 
the  space  agency  didn’t  formally  sup- 
port Follini’s  endurance  test,  its  design 
is  right  up  NASA’s  alley. 

“We  know  from  previous  studies  that 
isolation  can  interfere  with  cognitive 
and  motor  functioning.  Some  subjects 
even  become  ‘desynchronized’  in  their 
body  temperature  and  hormonal 
levels,"  DeFrance  explains.  “If  we’re 
looking  at  a manned  flight  to  Mars  that 
will  require  18  months,  then  we  must  be 
concerned  about  the  findings  associ- 
ated with  Ms.  Follini." 

Researchers  are  still  unravelling  the 
great  amounts  of  data  from  daily  blood 
pressure  checks,  urine  and  blood 
samples  and  brain  wave  (EEG)  tests 
done  during  Follini's  isolation.  She  ini- 
tially demonstrated  decreased  con- 
centration and  short  temper.  Within 
about  two  months,  however,  she 
seemed  to  adjust  to  the  environment 
and  passed  her  time  reading,  cooking, 
exercising  and  playing  cards. 

Because  she  lacked  ordinary  tem- 
poral cues,  her  “day”  Stretched  to  24  : “Talking  metal”  may  let  large  space  structures  such  as  Freedom  tell  astronauts 
hours  of  wakefulness  and  10  hours  of  j where  it  hurts. 


Jp  In  complex  space  struc- 

| tures  like  Freedom,  lunar 
| bases  and  Mars  ships,  the 
§ integrated  system  of  tiny 
g light  cables  would  serve  the 
| same  function  as  the  neural 
41  network  in  a human  body. 
They  would  create  an  artificial  nervous 
system  capable  of  sensing  degenera- 
tion in  their  host  material  and  informing 
the  astronauts  of  the  problem. 

“NASA  is  interested  in  talking  metal 
for  the  space  station,"  says  Barry 
Grossman,  leader  of  the  electrical 
engineering  team  studying  talking 
metal  at  the  Melbourne,  Florida,  col- 
lege. “The  fiber  optics  are  so  thin  and 
small  that  they  don’t  add  any  weight.” 
The  Florida  researchers  also  are 
studying  how  fiber  optics  might  be 
used  to  “treat”  a problem  as  well  as 
diagnose  it.  Grossman  points  out  that 
transmitted  light  could  be  used  to  gen- 
erate heat  in  a fatigued  area,  causing 
the  metal  to  assume  a new  shape  and 
— potentially  — correct  the  condition. 

Two  tests  of  talking  metal  applica- 
tions are  tentatively  scheduled  for 
1990.  "FIT  has  a big  aviation  school, 
and  we  have  received  permission  to 
put  optical  fibers  on  the  wings  of  an 
airplane  and  monitor  a test  flight," 
Grossman  says.  A similar  test  will  put 
fiber  optics  in  the  concrete  of  a build- 
ing to  measure  the  effects  of  weather 
and  ground  movement. 


sleep  toward  the  end  of  the  experi- 
ment. She  also  stopped  having  men- 
strual  periods,  which  may  be 
connected  to  her  weight  loss  of  almost 
20  pounds. 

“These  kinds  of  experiments  provide 
unique  insights  into  our  basic  biolo- 
gical functioning,”  says  DeFrance.  "To 
my  way  of  thinking,  that’s  very  valuable 
knowledge.” 

— Anene  Tressler-Hauschultz 


as  you’d  expect,  Space  Station 
Freedom  will  be  able  to  alert 
its  crew  if  a computer  system  goes  on 
the  blink  or  a valve  sticks  somewhere  in 
the  plumbing.  But  engineers  at  Florida 
Institute  of  Technology  also  would  like 
the  orbiting  complex  to  be  able  to  tell 
the  astronauts  when  it's  just . . . tired . 

With  the  emphasis  on  increased 
flight  safety  in  the  post-Challenger  era, 
NASA  is  among  the  government  and 
commercial  interests  funding  FIT’S 
work  to  develop  space  and  Earth- 
bound  applications  of  “talking  metal" 
materials  that  incorporate  embedded 
optical  fibers. 


Joseph  Baneth  Allen 


Boundaries 

Sailing  the  Light  Fantastic 


hristopher  Columbus  would 
hardly  recognize  these  vast 
sheets  of  reflective  material  pushed  by 
Sunlight  as  sailing  ships.  No  poop 
deck,  no  hull.  Nobody  walking  the 
plank.  Yet  hed  readily  identify  with  their 
objective:  to  voyage  into  the  unknown 
in  search  of  fame  and  treasure,  or  at 
least  a modicum  thereof. 

A small  fleet  of  “solar  sails”  may  soon 
be  rigged  and  readied  for  a fantastic 
race  to  Mars  as  part  of  the  celebration 
to  commemorate  the  500th  anniver- 
sary of  Christopher  Columbus’  over- 
seas trip.  “There  is  one  basic 
requirement — to  deliver  a one- 
kilogram  plaque  to  the  final  destina- 
tion, Mars,”  says  Klaus  Heiss,  project 
chairman  for  the  “Columbus  500 
Space  Sail  Cup,”  as  the  competition  is 
dubbed.  “We  hope  to  have  one  sail 
each  from  Europe,  the  Americas  and 
Asia,  the  three  zones  connected  with 
Columbus’  voyage.” 

One  of  the  contest’s  major  rules  is 
that  no  government  funding  is  allowed. 
Corporate  sponsorship  is  welcome, 
however,  considering  that  the  sails  may 
each  cost  $3-5  million  to  build.  Ball 
Aerospace  has  agreed  to  sponsor  an 
entry  from  the  U.S.  Naval  Academy, 
while  a sail  from  the  University  of  Wash- 
ington is  being  backed  by  Boeing. 
Already,  more  than  30  groups 
worldwide  (half  in  the  United  States, 
but  some  in  China  and  the  Soviet  Union 
as  well)  have  shown  interest  in  partici- 
pating in  the  race. 

The  World  Space  Foundation  in 
South  Pasadena,  California,  leads  the 
pack;  they’ve  had  an  interest  in  solar 
sailing  since  the  early  1970s.  France’s 
U3P  (Union  pour  la  Promotion  de  la 
Propulsion  Photonique)  and  a Japan- 
ese university  affiliated  with  that  coun- 
try’s  Institute  for  Space  and 
Astronomical  Sciences  also  have 
pioneered  solar  sail  development. 

Over  the  next  few  months,  the  Ameri- 
can Institute  of  Aeronautics  and 
Astronautics  will  judge  the  technical 
feasibility  of  vehicle  designs  submitted 
by  potential  race  contestants.  The 
evaluations  will  then  be  given  to  the 
Space  Sail  Cup  Committee  of  the  offi- 


The  best  little  yacht  race 
in  the  Solar  System 

T ▼ ▼ 

By  Patricia  Bames-Svamey 


cial  Columbus  anniversary  “jubilee" 
commission,  which  will  select  the  win- 
ning designs  by  December  1990.  The 
three  sails  chosen  as  “flagships"  will 
be  named,  appropriately,  Nina,  Pinta 
and  Santa  Maria . 

Instead  of  burning  fuel,  solar  sails 
take  advantage  of  the  slight  but  steady 
pressure  of  photons  from  the  Sun, 
which  strike  the  lightweight,  ultra-thin 
reflective  material,  propelling  it  away 
from  the  Sun  at  increasing  speeds.  In 
the  vacuum  of  space,  a 10,000  square- 
foot  solar  sail  can  eventually  exceed 
124,000  miles  per  hour. 

“Solar  sails  are  relatively  inexpen- 
sive, they  can  be  built  in  two  to  three 
years,  and  can  be  boosted  to  a low 
Earth  orbit  with  a smaller  rocket,  say  a 


The  “Columbus  500”:  Sail  of  the  century. 


Scout-class  vehicle,”  says  Pleiss. 
“Instead  of  a billion-dollar  planetary 
mission,  you  suddenly  are  looking  at 
missions  costing  around  $50  million,  a 
fantastic  breakthrough.” 

The  "racing”  vehicles  should  take 
about  two  years  to  reach  the  Red 
Planet,  because  the  sails  will  acceler- 
ate very  siowly.  To  keep  interest  up, 
awards  will  be  presented  at  various 
milestones  along  the  way — to  the  first 
sail  to  open  and  operate  successfully 
for  a given  period  of  time,  the  first  to 
escape  into  planetary  space  and  the 
first  to  pass  the  Moon. 

Organizers  hope  the  project  will 
spawn  advances  in  engineering,  sci- 
ence, computer  technology  and  par- 
ticularly miniaturization.  The  Mars 
plaque  is  the  only  required  payload, 
but  microtelevision  cameras  may  also 
be  included  onboard  to  return  optical 
images  of  the  sail  deployment  and  fly- 
bys. Small  scientific  experiments  may 
also  be  included,  and  could  even  be 
determined  by  a separate  competition. 

Some  participants,  like  Rob  Staehle 
of  the  World  Space  Foundation,  resist 
the  idea  of  a race  as  the  only  forum  for 
developing  solar  sail  technology. 
Although  the  Foundation  is  preparing 
to  enter  the  contest,  says  Staehle,  it 
“will  also  entertain  alternatives,  such  as 
a multi-nation  solar  sail  deployment 
patterned  after  the  recent  exploration 
of  Comet  Halley.” 

Heiss,  who  was  one  of  the  initiators  of 
the  Columbus  500,  argues  that  compe- 
tition is  the  best  way  to  go:  “Everyone 
has  the  same  ground  rules.  We  have 
workshops,  and  people  can  exchange 
information.  There  are  many  different 
ideas  on  how  to  make  a sail,  and  coop- 
eration could  stifle  [some  of  those] 
ideas.” 

The  "sail  of  the  century”  is  far  from 
underway — plans  are  in  the  most  pre- 
liminary stages,  and  no  launch  vehicle 
has  even  been  chosen  to  boost  the 
sails  into  orbit.  But  all  would-be  solar 
sailors  are  advised:  Vehicle  designs  for 
the  race  are  due  in  mid-November,  and 
Heiss  hopes  that  as  many  as  a dozen 
finalists  will  be  chosen  by  the  end  of 
this  year.  □ 
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Shown  smaller  than  actual 
size  of  12W'  in  height. 
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Please  mail  by  December  31, 1989 


SIGNATURE 


NAME 

ADDRESS 


National  Wildlife  Federation 
c/o  The  Franklin  Mint 
Franklin  Center,  Pennsylvania  19091 
Please  accept  my  order  for  CRY  OF  the 
north,  an  imported  sculpture  to  be  hand- 
crafted in  fine  hand-painted  porcelain  and 
full-lead  crystal. 

I need  send  no  payment  now,  I will  be 
billed  in  5 monthly  installments  of  $45/ 
each,  beginning  when  my  sculpture  is 
ready  to  be  sent  to  me. 

■pilcfS  my  sW$  sata  fa*  am?  a 
totai  of  $3.  for  stopping  and 


AIL  ORDERS  ARE  SUSJECT  TO  AEC&TtttE 


CITY/STAT  E/ZIP 


THE  WHITE  WOLF  OF  THE  ARCTIC  CAPTURED 
IN  HAND-PAINTED  PORCELAIN.  POISED  ON 
AN  ICY  SUMMIT  OF  FULL-LEAD  CRYSTAL. 

A powerful  creation  by  acclaimed  wildlife  artist  D.J.  Shinn. 

The  fierce  beauty  of  the  wolf  portrayed  in  the  richness 
of  bisque  porcelain.  Carefully  hand-painted  to  reveal 
the  contrast  of  the  wolfs  bold  features  and  snowy 
white  fur,  , 

Majestically  poised  atop  an  icy  precipice  of  [t  JwA 

full-lead  crystal.  Fire-polished  to  sparkle  iTlll 

as  brilliantly  as  the  arctic  ice.  y #wfVl(lwuH 

The  price,  $225,  payable  in  conve- 
nient  monthly  installments.  . 


THE  NATIONAL  WILDLIFE  FEDERATION  PRESENTS 


12200-52 


The  Private  Vector 

Cheap  Trek 


t’s  straight  out  of  Jules 
Verne — a do-it-yourself  flight 
to  the  Moon. 

The  Space  Studies  Institute  (SSI), 
based  in  Princeton,  New  Jersey,  hopes 
to  raise  some  $10  million  to  launch  the 
world’s  first  privately  funded  planetary 
spacecraft,  dubbed  the  "Lunar  Pros- 
pector Probe,"  to  finish  the  mapping  of 
the  Moon’s  chemical  composition  that 
began  with  Project  Apollo. 

Contrary  to  popular  belief,  says  SSI's 
Gregg  Maryniak,  Apollo  didn’t  do  a 
very  thorough  job  of  exploring  the 
Moon.  The  later  Apollo  flights  mapped 
most  of  the  lunar  surface  chemistry 
within  30  degrees  of  the  equator,  but 
follow-on  missions  that  would  have 
completed  the  job  were  cancelled.  As 
a result,  much  of  the  Moon  is  still 
geologic  extra-terra  incognita. 

"We  want  people  to  know  what  the 
heck  the  Moon  is  made  of,"  says  Mary- 
niak. "Hopefully  well  be  able  to  say, 
'There’s  ice  in  them  thar  hills!”’ 

Water  ice  means  hydrogen  and  oxy- 
gen, which  in  turn  means  rocket  fuel,  or 
at  least  the  raw  materials  from  which  to 
make  it.  Maryniak  is  convinced  that 
finding  these  raw  materials  outside  the 
pull  of  Earth’s  gravity  would  allow  inex- 
pensive launches  of  a variety  of 
spacecraft  from  the  Moon.  An  abun- 
dant supply  of  water  and  oxygen  would 
facilitate  plans  for  a human  outpost. 

Although  the  Apollo- 
era  searches  of  the 
Moon’s  equatorial  region 
turned  up  no  evidence  of 
ice,  past  or  present, 
some  scientists  still  be- 
lieve there  may  be  bil- 
lions of  tons  trapped  at 
the  bottom  of  deep  polar 
craters  where  the  Sun 
hasn’t  shone  in  billions  of 
years.  But  how  can  you 
search  those  areas  for 
under  $10  million? 

SSI  plans  to  do  it  by 
scrounging  and  beg- 
ging. Maryniak  says  that 
the  Institute  is  currently 
negotiating  with  several 
launch  operators  to  hitch 


The  Lunar  Prospector  offers  a 
bargain  for  Moonship  shoppers 

T T T 

By  W.  Daniel  Leonard 


a free  ride  for  the  Lunar  Prospector. 
One  strong  possibility  is  to  use  one  of 
the  surplus  Atlas  rockets  the  govern- 
ment has  offered  to  private,  non-profit 
organizations.  Although  he  won’t  com- 
ment on  the  details,  Maryniak  expects 
one  of  the  freebie  deals  to  pan  out 
soon. 

The  probe’s  only  science  instru- 
ment—a gamma  ray  spectrometer  to 
chemically  analyze  the  Moon’s  surface 
from  lunar  orbit — is  being  donated  by 
NASA’s  Jet  Propulsion  Laboratory.  It’s 
been  sitting  on  a shelf  since  the  Apollo 
mission  it  was  originally  built  for  was 
scrubbed,  but  Maryniak  says  the 
equipment  was  recently  tested  and  is 
fully  functional. 

As  for  the  rest  of  the  probe — 
communications,  electrical  power  and 
propulsion  systems — Maryniak  says 
that  several  experienced  spacecraft 
manufacturers  have  assured  him  that  a 
single-function  lunar  probe  can  be 
built  for  $5-10  million.  Labor?  That’s  free, 
too.  All  the  designing  and  planning  for 
the  mission  is  being  done  by  a team  of 


25  volunteers. 

But  the  project  is  not  without  its  prob- 
lems. The  gamma  ray  spectrometer 
SSI  plans  to  use  can  detect  hydrogen 
down  to  one  meter  below  the  lunar  sur- 
face, but  can  only  distinguish  concen- 
trations greater  than  800  parts  per 
million — the  equivalent  of  a 
motherlode. 

Several  scientists  at  a special  ses- 
sion of  SSI’s  Conference  on  Space 
Manufacturing  last  May  questioned  the 
merit  of  sending  a probe  with  such  low 
resolution,  arguing  that  it  would  only  be 
able  to  determine  whether  there  is  a 
huge  quantity  of  hydrogen  on  the 
Moon — about  40  billion  tons  per  60 
square  kilometers.  Learning  whether 
smaller,  but  still  significant,  quantities 
of  hydrogen  are  present  would  have  to 
wait  until  the  next  generation  of  gamma 
ray  spectrometers  is  ready. 

But  Maryniak  asserts  that  “there  are 
some  very  fancy  things  we  can  do  to 
increase  the  sensitivity  of  the  Apollo 
technology  and  make  it  up  to  ten  times 
better.  Sure,  we  could  use  a much  bet- 
ter detector,  but  that  would  destroy  our 
plan  to  do  this  quickly  and  cheaply." 

SSI  had  been  aiming  for  a Lunar 
Prospector  launch  in  1992  to  complete 
an  inventory  of  lunar  resources  before 
NASA’s  decision  on  whether  the  Moon 
or  Mars  is  to  be  our  next  celestial  port  of 
call.  President  Bush’s  July  20  speech 
outlining  a return  to  the 
Moon  followed  by  a mis- 
sion to  Mars  may  make 
the  mission  even  more 
timely.  NASA’s  only 
planned  Moon  probe, 
Lunar  Observer,  won’t 
fly  until  the  mid-1990s. 

Beyond  its  scientific 
value,  Maryniak  claims 
the  Lunar  Prospector’s 
success  would  also  ac- 
complish a secondary 
| goal:  Proving  to  the 
| world  that  a pint-sized, 
| private  spacecraft  can 
| contribute  a king-sized 
.cj  chunk  of  information  to 
the  global  pool  of  space 
knowledge.  □ 


Lunar  Prospector  heads  Moonward  atop  a surplus  Atlas. 
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Just  when  it  looked  like  it 


was  all  over,  a second 
“Golden  Age ” of  planetary 
exploration  is  about  to  begin. 


THE 

DRAWING 

BOARD 


ennard  Fisk,  the  man 
in  charge  of  NASA’s 
space  science  pro- 
gram, has  been  sing- 
ing the  same  tune 
ever  since  he  took 
office  in  the  gloomy 
days  right  after  Chal- 
lenger; Don't  worry, 
be  happy  The  best  is  yet  to  come. 

Now,  at  last.  Fisk  has  the  evidence  to 
back  up  his  boasts  Planetary  explora- 
tion is  back.  The  Magellan  probe 
launched  last  May  is  on  its  way  to  a 1990 
rendezvous  with  Venus,  and  the  Galileo 
Jupiter  spacecraft  was  headed  for  the 
launch  pad  as  we  went  to  press  (see 
page  28),  Just  counting  the  missions 
that  are  already  funded,  there's  con- 
tinuous action  planned  from  now  until 
September  2006. 

Take  the  year  1995,  for  example.  A 
month  before  the  Mars  Observer  ends 
its  two-year  mission  in  September,  the 
Comet  Rendezvous  Asteroid  Flyby 
(CRAF)  will  be  launched.  Three  months 
later,  Galileo  arrives  at  Jupiter  for  a 22- 
month  stay  The  following  April,  Cassini 
heads  off  for  Saturn. 

Nor  wifi  this  be  an  all-American  show, 
the  way  the  first  "Golden  Age"  was.  Vir- 
tually every  project  features  significant 
international  cooperation.  In  some 
cases,  like  the  Rosetta  comet  sample 
return  or  the  Soviet  Mars  1994  project, 


non-U,S,  countries  are  taking  the  lead. 
Jn  others,  like  CRAF  and  Mars  Obser- 
ver, they  play  a major  part. 

The  era  of  first-time  looks  at  the 
planets  of  our  Solar  System  has  ended, 
but  don't  mourn  it,  Fiaving  made  our 
neighbors1  acquaintance,  now  we  ll  get 
to  know  them  better 

Mercury 

Poor  Mercury.  The  tiny,  barren,  inner- 
most planet  has  only  been  visited  on 
one  occasion,  and  then  just  barely— 
three  quick  passes  by  Mariner  10  in 
1974-75.  Mariner  photographed  just 
over  half  of  the  planet  at  not  very  high 
resolution,  and  showed  the  surface  to 
be  battered  and  moonlike.  Mercury 
has  a magnetic  field  weaker  than 
Earths  but  similar  in  shape,  no  atmo- 
sphere to  speak  of  except  for  the  wis- 
piest traces  of  sodium,  and  the  most 
extreme  temperature  differences 
between  Sun  and  shadow  of  any  body 
in  the  Solar  System, 

All  in  all,  a not-terribly-exciting  place 
for  planetary  geologists,  who,  if  they 
want  craters,  can  find  as  many  as  their 
hearts  desire  a mere  250,000  miles 
from  home. 

Space  physicists,  though,  are  inter- 
ested in  how  the  planet  and  its  mag- 
netic field  interact  with  the  torrent  of 
radiation  streaming  from  the  nearby 
Sun.  So  NASA’s  Space  Physics  division 
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has  been  funding  since  1988  a con- 
ceptual study  for  a future  Mercury 
Orbiter  mission.  A team  at  the  Jet  Pro- 
pulsion Laboratory  has  outlined  a 
"moderate11  project— meaning  not  too 
expensive— that  would  place  two 
spacecraft  in  complementary  orbits 
around  the  planet  for  a terrestrial  year, 
or  four  Mercury  years  The  target 
launch  date,  at  least  for  study  pur- 
poses, is  August  1997 

The  road  to  Mercury  would  be  long 
and  indirect,  involving  two  gravity 
assists  each  at  Venus  and  Mercury 
before  settling  into  Mercury  orbit  in 
2002.  The  orbiters  wouid  carry  mostly 
"fields  and  particles”  instruments  such 
as  magnetometers  and  energetic  par- 
ticle detectors,  and  would  be  set  spin- 
ning in  order  to  sweep  their  sensors 
through  the  planets  magnetosphere, 
as  well  as  to  evenly  heat  a spacecraft 
that  would  be  travelling  dangerously 
close  to  the  Sun. 

For  the  amusement  of  the  geologists, 
there  would  be  some  kind  of  imaging 
system  onboard  as  well.  During  the 
closest  part  of  each  egg-shaped  orbit, 
the  cameras  wouid  photograph  the 
surface — including  those  regions  that 
Mariner  10  never  saw— with  a resolu- 
tion of  half  a mile  or  better.  In  that  way, 
the  Orbiter  would  do  for  Mercury  what 
Mariner  9 did  for  Mars  in  1971,  which 
was  to  quantum-leapfrog  our  under- 


standing of  the  planet  by  conducting  a 
prolonged  study  instead  of  a quick, 
impressionistic  flyby.  You  never 
know— before  Mariner  9,  Mars  also 
was  thought  to  be  dead  and  dull. 

Another  option,  which  would  add 
complexity  and  cost  to  this  or  any  fol- 
low-on mission,  would  be  to  drop  a 
series  of  penetrators  down  to  the 
planet  (preferably  In  the  darkness  of 
the  long  Mercurian  night,  to  avoid 
scorching  the  electronics)  that  would 
gather  seismic  and  chemical  data  on 
the  surface.  At  a recent  international 
conference,  Soviet  space  scientist  Val- 
ery Barsukov  of  the  Vernadsky  Institute 
tossed  out  a similar  Soviet  mission  con- 
cept that  would  send  either  a lander  or 
penetrators  to  Mercury  in  2002-2003. 

Venus 

The  Next  Logical  Step  (to  use  NASA’s 
overworked  phrase)  in  the  exploration 


Magellan's  radar  mapping 
mission  (left)  will  complete 
the  first  phase  of  Venus 
exploration,  while  Mercury 
and  the  Moon  (bottom) 
await  future  orbiters*  A 
Mercury  Orbiter  (bottom 
left)  would  have  radio 
antennas  (top)  and  instru- 
mented booms  extending 
from  a spacecraft  “bus,” 


of  Venus  has  already  been  taken.  The 
launch  of  Magellan  from  space  shuttle 
Atlantis  last  May  (Final  Frontier,  June 
1989)  not  only  revived  the  flagging  U S, 
planetary  program,  it  gave  mystery- 
lovers  something  to  look  forward  to, 
Magellan's  radar  map  of  the  hidden 
Venusian  surface  should  give  us  our 
first  detailed  looks  at  mountain  ranges, 
fault  zones  and  perhaps  even  ancient 
sea  beds,  if  they  exist  In  terms  of  raw 
data,  the  probe  will  return  more  infor- 
mation than  all  previous  U S.  planetary 
missions  combined. 

But  after  this  high-resolution  global 
map  is  complete  in  April  1991,  Venus 
exploration  hits  something  of  a brick 
wall.  Soviet  Venera  landers  have 
already  returned  (a  handful  of)  images 
of  the  orange-brown  surface  and 
sampled  its  chemical  composition. 
French  balloons  and  American  des- 
cent probes  have  analyzed  the  atmo- 
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Before  the  human  expedi- 
tions will  come  the  Mars 
precursor  missions.  Right: 
Mars  Observer  will  investi- 
gate the  planet’s  chemistry, 
weather  and  gravitational 
field  from  a low,  circular 
orbit.  Below:  A Mars  Rover 
Sample  Return  will  have 
to  be  smart  enough  to 
find  a safe  route  across 
rugged  terrain.  While 
robotic  arms  dig  for 
samples,  stereo  cameras 
on  a T-shaped  mount 
will  survey  the  scene. 


sphere.  Now  comes  the  hard  part. 

In  order  to  survive  on  the  hellishly  hot 
surface  of  Venus,  where  the  noxious 
atmosphere  crushes  down  with  nearly 
100  times  the  pressure  of  Earth's,  a 
lander  would  need  to  be  built  like  a 
bathysphere,  with  electronics  and  a 
power  source  capable  of  functioning  in 
temperatures  hot  enough  to  melt  lead. 
In  other  words,  any  long-lived  surface 
mission  — most  likely  a seismic 
monitoring  network,  or  a sample  return 
mission  that  would  bring  Venusian 
rocks  to  Earth — is  well  beyond  current 
technology.  Someday,  maybe.  But  for 
the  time  being,  NASA  has  no  plans  for 
Venus  exploration  after  Magellan. 

Japanese  scientists  at  the  Institute  of 
Space  and  Astronautical  Science 
(ISAS)  in  Tokyo,  meanwhile,  are  discus- 
sing the  possibility  of  a relatively  sim- 
ple, low-cost  Venus  Orbiter  mission  to 
study  the  interaction  of  the  solar  wind 


with  Venus'  upper  atmosphere.  The 
Venus  Orbiter  would  be  small,  weigh- 
ing on  the  order  of  500  pounds.  Its 
wide,  looping  orbit  would  bring  it  as 
close  as  180  miles  to  the  planet  on  the 
Sun  side,  then  swing  out  to  sample  the 
region  30,000  miles  "downwind"  with 
fields  and  particles  detectors. 

The  mission  could  be  launched  in 
1995  or  1996,  if  approved,  but  it  will 
have  to  compete  with  other  proposed 
Japanese  projects  to  survive.  In 
December,  officials  at  ISAS  expect  to 
decide  whether  the  Venus  orbiter,  a 
cometary  coma  sample  return  mission 
or  a lunar  orbiter  will  be  Japan's  first 
foray  into  planetary  exploration. 

Meanwhile,  the  Soviets,  who’ve  had 
the  most  successful  and  intensive  pro- 
gram of  Venus  exploration  of  any 
nation,  have  sketched  out  a 1998  mis- 
sion that  would  land  six  to  eight  penet- 
rators  at  different  points  on  the  planet 
to  determine  the  chemical  composi- 
tion of  surface  rocks.  Whether  a Venus 
mission  can  survive  the  Soviet 
approval  process  to  become  a real 
project  is  another  question. 

The  Moon 

You  heard  him.  We  all  heard  him.  On 
July  20,  1989,  an  American  President 
actually  stood  in  front  of  a national  tele- 
vision audience  and  said  we’re  going 
“back  to  the  Moon . . . and  this  time  back 


Scenes  From  the 
Golden  Age 

“I  advocate  that  we  emphasize  in  our 
space  strategy  looking  for  the  first  time 
at  new  worlds,"  wrote  Bruce  Murray, 
former  director  of  the  Jet  Propulsion 
Laboratory,  in  1968.  “If  there  is  a chance 
to  go  with  something  exciting  now,  do 
it. ..if  it  is  really  going  to  increase  our 
understanding,  go,  go,  don’t  wait." 

Well,  we  didn’t.  The  past  twenty  years 
have  been  a golden  age  of  space 
exploration,  during  which  we’ve 
mapped  the  broad  reaches  of  the  Solar 
System  much  as  Captain  James  Cook 
charted  the  Pacific  in  the  18th  century. 
The  oceanographer  Roger  Revelle 
wrote  that  "Cook’s  epitaph  is  the  map  of 
the  Pacific,  almost  as  we  now  know  it." 
The  Mariners,  Pioneers,  Vikings  and 
Voyagers  have  defined  the  Solar  Sys- 
tem for  future  generations  in  much  the 
same  way. 

Along  the  way,  there  have  been  many 
moments  of  drama  and  discovery.  July 
20,  1976,  seven  years  to  the  day  after 
the  first  Moon  landing:  early  morning 
radio  reports  from  Viking  1 showed  that 
the  spacecraft  had  made  it  through  the 
atmosphere  of  Mars.  Now,  safely  on  the 
surface,  it  would  turn  on  its  TV  camera 
and  photograph  the  surrounding  ter- 
rain, building  up  the  image  in  a slow 
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The  most  intensely  studied 
Solar  System  objects  in  the 
1990s  will  also  be  the  small- 
est. The  European  Giotto 
spacecraft  photographed 
Halley’s  Comet  in  1986 
(below),  but  no  one  has  ever 
seen  the  face  of  an 
asteroid.  NASAs  Comet 
Rendezvous  Asteroid  Flyby 
(CRAF)  mission  will  study 
both  a comet  and  an 
asteroid  at  close  range. 


scan,  line  by  line. 

Within  NASA  auditoriums  at  the  Jet 
Propulsion  Laboratory  and  at  the  Ames 
Research  Center  the  tension  was  palp- 
able as  the  first  lines  appeared  on  a 
wide  screen,  starting  from  the  far  left. 
As  minutes  went  by,  a picture  of  a new 
world  emerged.  So  this  is  what  Mars 
looked  like!  It  might  have  been  the 
Mojave  Desert:  flat,  with  a sharp  hori- 
zon and  sandy  soil,  vast  numbers  of 
rocks  filling  the  scene.  The  scenery 
was  barren,  but  that  didn’t  matter.  What 
mattered  was  that  we  were  there. 

Viking’s  line-by-line  scan  recalled 
the  painfully  slow  transmission  of 
Mariner  4’s  first  photos  from  Mars,  in 
July  1965.  These  had  taken  days  to 
transmit,  and  then  to  enhance  elec- 
tronically to  bring  out  detail.  They 
showed  a Mars  shockingly  unlike  the 
canal-laced  world  of  our  imaginings. 
Instead  we  saw  craters,  and  only  the 
thinnest  of  atmospheres. 

It  was  years  before  the  true  character 
of  Mars  would  be  revealed.  Mariner  9 
reached  the  planet  in  1971,  only  to  find  it 
shrouded  in  a Mars-wide  dust  storm.  As 
the  dust  cleared,  though,  the  surface 
emerged  in  stunning  detail.  Here  were 
mountains  more  than  twice  as  high  as 
Everest,  and  a great  gash  in  the  sur- 
face, like  a Grand  Canyon  the  length  of 
the  entire  United  States.  Even  more 


exciting,  the  photos  showed  traces  of 
ancient  rivers,  which  told  of  a Mars  that 
may  once  have  supported  life. 

On  the  very  first  planetary  mission- 
Mariner  2’s  flyby  of  Venus  in  1962- 
Earthbound  scientists  stayed  up  until 
dawn  and  watched  with  wonder  as  the 
first  data  came  in.  For  sheer  audacity, 
one  has  to  admire  the  Soviets,  who’ve 
repeatedly  landed  Venera  spacecraft 
on  the  sizzling  surface  of  Venus,  taking 
photos  for  an  hour  or  so  before  their 
well-insulated  cameras  succumbed  to 
the  heat. 

The  outer  Solar  System  has  had 
noteworthy  visitors,  as  well.  In  March 
1979,  as  Voyager  1 approached  Jupiter, 
scientists  knew  that  the  Jupiter  system 
was  more  than  immense;  indeed,  it  had 
features  with  no  earthly  counterpart, 
like  the  lo  flux  tube,  a permanent  cur- 
rent of  a trillion  watts  and  five  million 
amperes  flowing  between  Jupiter  and 
its  satellite  lo.  As  Voyager  approached 
its  target,  three  scientists-Stan  Peale, 
Pat  Cassen  and  Ray  Reynolds- pre- 
dicted lo  would  be  stranger  yet. 

"One  might  speculate  that  wide- 
spread and  recurrent  surface  vulcan- 
ism  would  occur,”  they  wrote  in 
Science  on  March  2.  lo,  they  declared, 
would  flex  and  strain  due  to  enormous 
tides  raised  within  its  body  by  the  com- 
bined action  of  Jupiter’s  fearsome 


gravity  and  of  the  nearby  satellites 
Ganymede  and  Europa.  This  flexing 
would  produce  enough  heat  to  melt  vir- 
tually the  whole  of  lo,  leaving  only  a thin 
solid  crust  to  cover  its  molten  interior. 

Three  days  later,  Voyager’s  photos 
showed  that  the  moon  was  in  fact 
covered  with  volcanoes  and  magma 
flows  from  pole  to  pole.  Some  were 
even  still  erupting,  and  lo  was  instantly 
recognized  as  the  most  geologically 
active  body  in  the  Solar  System. 

Voyager  saw  much  more.  Jupiter’s 
enigmatic  Great  Red  Spot,  immersed 
in  surrounding  whirls  and  thousand 
mile-long  eddies,  was  more  vivid  than 
anything  Stanley  Kubrick  had  imag- 
ined in  2001:  A Space  Odyssey. 

Saturn’s  rings,  long  so  distinctive 
through  the  telescope,  now  were 
almost  close  enough  to  touch.  Most 
unusual  of  all  was  a “braided  ring"  that 
looked  like  a gargantuan  strand  of 
DNA. 

These  past  moments  of  planetary 
drama  will  be  matched,  and  probably 
surpassed,  in  coming  years.  The  new 
golden  age  still  has  far  to  run,  for  many 
of  its  maps  are  incomplete.  And  Bruce 
Murray’s  call  - to  “look  for  the  first  time  at 
new  worlds’4-  continues  to  define  the 
work  for  today’s  space  explorers. 

-7.  A.  Heppenheimer 
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to  stay." 

So  NASA  is  making  plans  as  if  he 
actually  meant  it.  Not  all  our  scientific 
questions  about  the  Moon  were 
answered  in  the  1960s— far  from  it. 
Nearly  every  national  space  agency  in 
the  world,  and  at  least  one  private 
group,  has  some  kind  of  lunar  polar 
orbiter  mission  on  its  wish  list,  to  pro- 
duce a global  map  showing  the  distri- 
bution of  minerals  on  the  Moon  and  to 
more  fully  understand  its  surface 
properties. 

The  U S.  entry  in  this  Moon  derby  is 
the  Lunar  Observer,  now  planned  for 
launch  in  1997  {if  approved  as  a new 
mission  by  Congress  in  1992.)  The 
timetable  might  even  move  up, 
depending  on  the  seriousness  of  the 
Bush  Moon/Mars  initiative. 

The  Lunar  Observer  is  not  a com- 
plicated mission,  and  its  scientific 
rationale  has  been  outlined  since  the 
early  1970s,  A single  spacecraft  will  first 
be  placed  in  an  elliptical  orbit  over  the 
lunar  poles,  passing  low  enough  to 
map  the  Moon‘s  gravity  field  very  accu- 
rately, The  orbit  will  then  be  circularized 
and  raised  to  an  altitude  of  about  sixty 
miles,  at  which  point  the  one-year  main 
mission  begins. 

Onboard  the  spacecraft  will  be 
gamma  ray  and  x-ray  spectrometers  for 
chemical  analysis  of  the  Moon's  sur- 
face, a laser  altimeter  to  map  the  ter- 


rain. a camera  and  visible  light/infrared 
mapping  spectrometer,  and  instru- 
ments to  measure  heat,  gravity  and 
magnetic  fields.  Those  instruments  will 
inventory  the  Moon's  titanium,  alumi- 
num and  other  resources  (possibly 
even  water,  if  it  exists),  and  take  its  vital 
measurements. 

Not  least  importantly,  Lunar  Obser- 
ver's high-quality  photographic  maps 
(with  a resolution  better  than  30  feet  for 
more  than  half  the  Moon)  will  help  in 
selecting  a site  for  a future  human 
outpost. 

The  Lunar  Observer  probably  wont 
be  the  only  spacecraft  to  visit  the  Moon 
before  the  humans  return,  Galileo  will 
make  lunar  observations  during  both  of 
its  Earth  flybys  (in  1990  and  1992)  be- 
fore heading  off  to  Jupiter,  and  the 
independent  Space  Studies  Institute  is 
currently  trying  to  muster  the  re- 
sources for  a very  modest,  single- 
focus, privately  funded  Lunar 
Prospector  mission  to  search  for  water 
at  the  lunar  poles  (see  page  16). 

A lunar  orbiter  also  has  its  advocates 
in  the  Soviet  space  science  establish- 
ment, but  there  is  as  yet  no  officially 
announced  mission.  The  Japanese, 
meanwhile,  have  expressed  interest  in 
sending  a series  of  seismic  penetrators 
to  the  lunar  surface,  perhaps  in  con- 
junction with  a future  American  mis- 
sion. That  could  improve  our  know!- 


In  March  2003,  the  Euro- 
pean Huygens  probe  will  be 
deployed  from  the  Saturn- 
orbiting  Cassini  spacecraft 
to  drop  down  into  Titaitfs 
thick  orange  haze,  photo- 
graphing the  surface  as 
it  descends. 

edge  of  the  lunar  soil  and  bedrock 
before  the  construction  crews  show  up. 

Mars 

Like  the  Moon,  Mars  has  now  been 
officially  declared  a goal  for  future 
human  exploration.  What  used  to  be  a 
purely  scientific  agenda,  therefore,  is 
now  geared  toward  sending  precursor 
missions  that  will  pave  the  way  for  the 
first  astronauts  and  cosmonauts. 

At  present,  there  is  only  one  fully 
funded  U,S,  Mars  mission,  the  Mars 
Observer,  with  a planned  launch  date 
of  September  16, 1992.  After  a cruise  of 
nearly  a year,  the  spacecraft  will  arrive 
at  Mars  in  August  1993  to  observe  the 
planet  for  one  Mars  year  (two  Earth 
years),  from  a nearly  polar  orbit  only  210 
to  240  miles  above  the  surface. 

Whereas  earlier  Mariners  and  Vik- 
ings followed  wide,  elliptical  paths 
around  Mars  that  took  anywhere  from 
12  (Mariner)  to  24  hours  (Viking)  to 
complete  one  orbit,  the  Mars  Observer 
will  be  placed  in  an  up-close-and- 
personal,  two-hour  circular  orbit.  From 
that  dose  range  it  will  map  the 
mineralogical  composition  of  the  sur- 
face, take  photographs,  assess  the 
gravity  and  magnetic  fields  and  begin 
building  a database  on  seasonal  varia- 
tions in  the  Martian  weather.  Scientists 
are  hoping  for  nothing  less  than  a 
"global  understanding"  of  Mars. 

The  NASA  spacecraft  is  planned  to 
still  be  in  orbit  at  the  time  of  the  planned 
Soviet  Mars  1994  mission.  So,  in  the 
spirit  of  international  cooperation  as 
well  as  enhanced  scientific  return,  it  will 
carry  a French-built  Mars  Balloon 


The  ether  worlds  of  the 
outer  Solar  System— 
Jupiter,  Uranus,  Neptune 
and  Pluto— may  have  to 
wait  until  nuclear  electric 
propulsion  engines  are 
developed  before  space- 
craft are  able  to  land  on 
their  icy  moons. 
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Relay  along  with  its  regular  comple- 
ment of  instruments. 

As  part  of  the  Mars  1994  mission,  the 
French  balloon  experiment  is  expected 
to  fly  in  the  Martian  atmosphere  for 
about  ten  days  in  autumn  1995  ( Final 
Frontier,  August  1988),  landing  in  a dif- 
ferent place  each  night.  A TV  camera  in 
the  balloon's  gondola  will  beam 
pictures  up  to  both  the  Soviet  orbiter 
and  the  Mars  Observer,  which  will  relay 
the  transmissions  back  to  Earth. 

Of  all  the  planned  Soviet  planetary 
missions,  Mars  1994  seems  to  be  on 
the  firmest  budgetary  footing,  even 
though  the  size  and  scale  of  the  mis- 
sion have  recently  been  cut  back. 
Launch  is  planned  for  October  1994, 
with  arrival  at  Mars  the  following  Sep- 
tember, Current  blueprints  call  for  an 
orbiter  and  an  atmospheric  entry  mod- 
ule (a  smaller  one  than  previously 
planned),  along  with  a single  French- 
built  balloon  (reduced  from  two)  that 
will  take  pictures  of  the  surface  and 
make  direct  measurements  when  the 
balloon  is  in  contact  with  the  ground. 
This  "Mars  Aerostat,"  as  the  balloon 
experiment  is  called,  is  now  in  the 
detailed  study  phase,  and  scientists  all 
over  the  world  are  contributing  data  on 
the  Mars  environment. 

The  orbiter  will  carry  infrared  and 
ultraviolet  spectrometers  among  its 
suite  of  instruments,  along  with  a Ger- 
man/Italian/Soviet camera  system  that 
will  take  high-resolution  stereo 
pictures  of  the  whole  planet  during  the 
lowest  part  of  each  12-hour,  elliptical 
polar  orbit. 

The  Soviets  are  planning  to  use  a 
modified  (and  hopefully  more  reliable) 
version  of  the  twin  spacecraft  that 
failed  to  reach  the  Martian  moon 
Phobos  earlier  this  year.  Speaking  of 
which,  the  possibility  of  a future 
Phobos  sample  return  mission  has 
been  raised  recently  by  Soviet  officials, 


and  NASA  also  is  looking  at  the  Martian 
moons  as  possible  targets  for  one  of 
the  agency's  new  low-cost,  “Dis- 
covery" planetary  missions. 

The  next  major  push  in  NASA’s  Mars 
strategy,  however,  is  likely  to  be  the 
establishment  of  an  international  Mars 
Network,  Sometime  after  the  Mars 
Observer  but  before  a sample  return 
mission—  meaning  either  in  1996  or 
1998,  depending  on  the  pace  of  the 
Bush  Mars  initiative — one  or  more 
spacecraft  would  deliver  a number  of 
ground  stations  to  the  surface  of  Mars 
to  measure  volcanic  activity  and  Mars- 
quakes,  monitor  the  Martian  weather, 
search  for  water  and  take  other  physi- 
cal and  chemical  readings  that  would 
be  of  interest  to  those  planning  future 
robotic  and  human  expeditions. 

The  sequence  of  events,  and  even 
the  participants  in  setting  up  such  a 
network,  are  far  from  decided.  The 
seismometers  could  be  placed  on 
landers,  or  could  be  dropped  to  the 
surface  inside  penetrators  deployed 
from  orbit.  A seismic  network  requires 
at  least  three  stations  at  different  loca- 
tions, but  if  low-cost  penetrators  are 
used,  there  could  be  as  many  as  24. 
The  network  could  be  set  up  all  it  once, 
or  in  stages. 

Meanwhile,  plans  for  the  Mars  Rover 
Sample  Return  that  probably  will  fol- 
low the  network  are  proceeding.  As 
many  as  100  NASA  employees  and 
contractors  are  now  working  on  con- 
ceptual designs  for  what  are  actually 
two  vehicles:  a rover  that  would  wander 
anywhere  from  100  yards  to  a hundred 
miles  or  more  from  the  landing  site:  and 
a sample  return  mission  that  would 
return  a few  pounds  of  Martian  rock 
and  dirt  to  Earth. 

Again,  uncertainties  about  cost  and 
about  which  nations  will  be  participa- 
ting affect  the  plans.  If  the  Soviets  or 
continued  on  page  48 
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The  show  from  Neptune 
was  everything  you'd  expect 
from  one  of  history’s 
great  explorers. 


FAREWELL, 

VOYAGER 


hen  U was 
all  over,  as 
Voyager  2 
headed  into 
the  interstel- 
lar night,  I 
went  to  get  a 
look  at  Nep- 
tune for  my- 
self, After  youVe  had  your  mind 
expanded,  you  need  to  hold  onto 
something  solid  and  take  a step  back.  I 
wanted  to  see  the  eighth  planet  the  way 
it  had  been  before,  when  no  one  had 
heard  of  a Great  Dark  Spot,  or  a pink 
moon,  or  ice  volcanoes. 

It  was  up  in  Sagittarius,  not  far  from 
where  Saturn  gleamed  like  a jewel  in 
the  evening  sky,  Neptune  is  invisible  to 
the  naked  eye,  so  I went  to  the  nine- 
inch  refractor  at  Harvard  College 
Observatory.  After  some  careful  star- 
hopping, there  it  was:  a tiny  bluish  dot, 
decidedly  unimpressive,  seemingly  as 
remote  as  the  stars.  At  2.8  billion  miles, 
it  is  currently  the  farthest  planet  from 
the  Sun.  an  honor  that  it  has  temporarily 
usurped  from  wandering  Pluto  until 
1999 

I had  seen  Neptune  like  this  once 
before,  during  a rare  alignment  in  1982, 
when  it  was  possible,  with  some  care, 
to  glimpse  all  nine  planets  in  one  pre- 
dawn observing  session.  That  same 
once-in-a-lifetime  lineup  had  made  it 


possible  for  Voyager  2 to  compress  a 
journey  of  more  than  four  billion  miles 
into  a mere  12  years.  Neptune  was  just 
the  last  stop  on  a journey  that  had 
already  transformed  planetary 
exploration. 

At  Jupiter  we  had  seen  an  atmo- 
sphere churning  with  activity  banded 
with  variegated  clouds  and  swirling 
cyclones  that  dwarf  any  on  Earth.  Jupi- 
ter’s family  of  moons  was  a solar  system 
in  miniature,  including  Europa,  an  ice 
world  as  smooth  as  a billiard  ball,  and 
lo,  a world  of  rock  and  sulfur  literally 
turning  itself  inside  out  with  volcanic 
activity.  Saturn,  in  all  its  ringed  splen- 
dor. was  a feast  for  the  eye  and  a chal- 
lenge to  the  imagination.  Voyager 
revealed  the  rings  to  be  not  a con- 
tinuous sheet  of  particles,  but  a collec- 
tion of  ringlets,  more  numerous  than 
anyone  could  count,  that  seemed  to 
defy  physics.  Rings  that  braided 
around  each  other,  rings  that  had 
clumps,  kinked  rings. 

In  January  1986,  Uranus  appeared 
out  of  the  blackness,  rolling  on  its  side, 
a nearly  featureless  blue-green  ball. 
On  the  face  of  its  satellite  Miranda  we 
saw  the  most  bizarre  checkerboard  of 
terrain  imaginable.  Each  time  we 
thought  we  had  seen  it  alt,  a stranger 
world  showed  us  we'd  been  wrong.  We 
marked  our  calendars  for  August  24, 
1989,  certain  that  Neptune  would  not 
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disappoint  us. 

Practically  everyone  with  access  to 
NASA's  satellite  TV  link  was  poised  on 
that  night  to  watch  Voyager’s  encounter 
with  Neptune  live,  right  along  with  the 
scientists  and  engineers  who  directed 
the  mission.  It  was  a full-fledged  Event, 
exploration  for  Everyman.  In  Pasadena, 
home  of  the  Jet  Propulsion  Labora- 
tory— mission  control  for  Voyager— a 
Planetfest  at  a nearby  convention  cen- 
ter drew  thousands  of  enthusiastic 
spectators.  Across  the  country  sci- 
ence museums,  schools,  universities 
and  planetariums  hosted  encounter 
watch-ins.  Public  broadcasting  went 
on  the  air  with  “Neptune  All  Night,”  and 


drew  more  than  two  million  viewers. 

I tuned  in  to  NASA’s  Voyager  downlink 
at  the  Regional  Planetary  Data  Center 
at  Brown  University  in  Providence, 
Rhode  Island.  Twelve  years  ago,  when 
the  spacecraft  was  beginning  its  jour- 
ney, I was  an  undergraduate  geology 
major  there.  Like  so  many  others  who 
followed  Voyager’s  long  strange  trip,  it 
seemed  to  me  that  these  12  years  had 
brought  as  many  changes  to  the 
watchers  as  to  our  knowledge  of  the 
Solar  System.  On  the  evening  of  August 
24,  armed  with  lots  of  coffee,  I joined  a 
few  of  the  watchers,  graduate  students 
in  planetary  geology,  and  hunkered 
down  for  a night  of  discovery. 


Clockwise  from  upper  left:  false  color 
image  of  Neptune;  the  Great  Dark  Spot; 
a close-up  view  of  clouds  and  shadows; 
and  a parting-shot  double  crescent  of 
Neptune  and  Triton. 

Thursday,  August  24 

8:00  p.m..  Eastern  Daylight  Time 

Here  is  how  the  flyby  will  go:  Voyager, 
falling  ever  faster  toward  Neptune,  will 
skim  less  than  3,000  miles  above  the 
planet’s  north  pole.  Its  aim  is  calculated 
precisely  so  that  Neptune’s  gravity  will 
bend  the  spacecraft’s  path  just  the 
right  amount  to  send  it  on  to  a close 
flyby  of  Triton. 

In  all  the  astronomy  books  I grew  up 
with,  Neptune  was  always  lumped  in 
with  Uranus.  Both  gas  giants,  about 
four  times  the  size  of  Earth.  Both  mostly 
hydrogen  and  helium,  laced  with 
methane  and  ammonia.  Possible  core 
of  rock  and  ice  deep  beneath  the  thick 
atmosphere.  There  was  one  obvious 
difference:  Uranus  rotates  on  its  side, 
while  Neptune’s  spin  axis  points  more 
nearly  north-south. 

But  there  wasn’t  much  else  to  say, 
mostly  because  both  planets  are  so  far 
away  that  even  with  the  largest  tele- 
scopes astronomers  could  glean  little 
from  their  dim  light.  Only  in  the  last  few 
years,  working  with  ever  more  sensitive 
detectors  such  as  charge-coupled- 
device  (CCD)  cameras,  had  they 
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Triton  (shown  here 
and  at  far  right  in  a 
mosaic  of  a dozen 
Voyager  photos) 
proved  as  fascinating 
as  scientists  had 
hoped  it  would  be, 
from  its  pink,  icy 
polar  cap  to  its  grooved 
“cantaloupe  terrain.” 
Bight : close-up  views 
of  the  moon's  surface 
showed  dark  streaks 
that  may  be  wind* 
blown  volcanic 
material. 


From  arcs  to  rings; 
Voyager’s  cameras 
took  nearly  ten  min- 
utes to  expose  two 
images  (above)  proving 
that  there  are,  in  fact, 
continuous  rings 
around  the  planet. 

High-resolution 
images  showed  dis- 
tinct rings  as  well  as 
a faint  sheet  of  more 
diffuse  material. 


begun  to  tift  the  veil.  Observers  found 
that  Neptune,  unlike  Uranus,  was  emit- 
ting twice  as  much  energy  as  it 
receives  from  the  Sum  Infrared  images, 
though  fuzzy,  confirmed  the  atmos- 
phere was  stirring  with  activity;  Broad 
bands  of  light  and  dark  girdled  the 
planet.  By  the  time  Voyager  arrived,  sci- 
entists pretty  well  knew  that  Neptune 
would  not  be  the  bland,  featureless  ball 
that  Uranus  was.  But  no  one  anti- 
cipated the  planet  that  has  for  the  past 
week  filled  our  TV  screens. 

Voyager’s  Neptune  is  a beautiful  blue 
banded  globe,  laced  here  and  there 
with  white  cirrus  clouds,  positively 
photogenic,  a tastefully  understated 
version  of  Jupiter.  There  are  even  two 
large,  dark  ovals  resembling  Jupiter's 
Great  Red  Spot,  thought  to  be  a gigan- 
tic cycloneat  least  300 years  old.  Voya- 
ger scientists.  Jupiter  buffs  one  and  all, 
have  christened  the  larger  of  the  two 
the  M Great  Dark  Spot." 

On  the  way  to  its  close  flyby,  Voyager 
also  has  confirmed  something  else  sci- 
entists had  anticipated:  Neptune,  like 
Jupiter.  Saturn  and  Uranus,  is 
encircled  by  a set  of  rings.  Earth-based 
observations  had  suggested  the  rings 
might  go  only  part  way  around  the 
planet,  which  would  have  posed  quite 
a puzzle  to  physicists.  The  Voyager 
images  show  that  they  are,  in  fact,  com- 
plete rings.  Like  the  rings  around 


Uranus,  they  are  narrow  and  very  dark. 

In  its  three  previous  planetary 
encounters.  Voyager  never  failed  to 
discover  new  worlds,  and  Neptune  is 
no  exception.  During  the  approach  it 
has  found  six  previously  unknown 
satellites,  including  a dark,  battered 
moon  some  240  miles  across,  Nep- 
tune’s moon  Nereid,  discovered  in 
1948,  The  "new"  satellite  had  gone 
undetected  because  it  orbits  too  close 
to  the  planet  for  Earth-based  tele- 
scopes to  pick  it  out  of  Neptune's  glare. 
Some  day  it  will  have  a name,  probably 
drawn  from  mythology.  For  now,  it's 
given  the  uninspiring  designation 
tct989NL" 

The  hours  surrounding  the  closest 
flyby  will  be  packed  with  data.  Some 
wilt  be  stored  on  tape  and  played  back 
later,  but  much  of  it  will  comedown  live. 
By  the  time  Voyagers  signals  cross  the 
nearly  three  billion-mile  gulf  between 
Neptune  and  Earth,  they  are  so  faint 
that  a network  of  huge  antennas 
around  the  world,  acting  in  concert,  is 
required  to  pick  them  out  of  the  back- 
ground of  radio  "noise."  Simply  receiv- 
ing Voyager’s  data  is  a triumph. 


11:00  p.m. 

Voyager  is  so  close  to  Neptune  that 
the  Great  Dark  Spot  nearly  fills  the  TV 
monitor.  Streamers  of  white  clouds, 
suspended  above  the  huge  dark  oval, 
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trace  its  curved  edge,  tn  a live  update 
from  JPL's  TV  studio,  Voyager  scientist 
Andy  Ingersoll  of  Cal  Tech  is  reduced 
to  such  unscientific  utterances  as, 
“Wow,  it's  really  a great  planet." 

By  now,  with  three  other  planets 
under  their  belts.  Voyager  scientists 
expect  to  discover  things  they  had  not 
anticipated.  That  remarkable  ability- 
anticipated  serendipity— has  led  pro- 
ject planners  to  sprinkle  among  the 
carefully  programmed  sequence  of 
pictures  a number  of  "retargetables," 
images  that  could  be  re-pointed  with 
relatively  little  advance  notice.  The 
planning  has  paid  off  with  views  like 
this  one. 

The  picture  is  the  result  of  superb 
aim  and  crafty  weather  forecasting.  In 
order  to  program  Voyager's  computer 
in  time,  scientists  had  to  predict  11  days 
in  advance  where  the  swirling  storm 
would  be  at  the  moment  the  picture 
was  made.  It  is  the  best  image  scien- 
tists will  get  of  the  Great  Dark  Spot; 
closer  in,  Voyager  will  be  moving  too 
fast  to  take  a clear  picture  of  it. 

As  bountiful  as  the  encounter  is, 
there  are  frustrations  for  Ingersoll  and 
the  other  scientists  studying  Neptune's 
atmosphere.  He  explains  that  the  Great 
Dark  Spot  is  one  of  only  a handful  of 
Neptune  cloud  features  that  they  can 
identify  from  one  image  to  the  next. 
Normally  they  would  measure  the 


speed  of  Neptune’s  winds  by  tracking 
the  motion  of  clouds  in  successive 
images,  but  with  few  such  markers 
available,  the  scientists  find  their  work 
difficult.  And,  although  some  of  the 
most  telling  data  about  Neptune,  from 
Voyager’s  other  sensors,  is  yet  to  come, 
Ingersoll  and  the  other  atmosphere 
scientists  will  have  to  make  do  with  the 
pictures  they  already  have. 

Faced  with  leaving  Neptune  with  a 
head  full  of  unanswered  questions, 
ingersoll  confesses  that  if  he  could 
"take  control  of  the  spacecraft,  and  not 
have  to  share  it  with  the  geologists,"  he 
would  keep  Voyager's  cameras  trained 
on  Neptune's  clouds,  in  hopes  of  cap- 
turing their  motion,  But  ingersoll  knows 
better;  some  of  the  most  exciting 
images,  the  closeups  of  Triton,  are  the 
ones  the  Voyager  scientists  are  most 
eagerly  awaiting. 

11:56  pvm. 

Right  now,  the  spacecraft  is  making 
its  closest  approach  to  Neptune,  pass- 
ing just  3,117  miles  above  the  north 
polar  clouds,  whizzing  past  at  61,000 
miles  per  hour.  One  of  the  paradoxes  of 
the  encounter  is  that  we  experience 
events  not  at  the  time  they  occur,  but  at 
their  “Earth  received  time,1,  four  hours 
and  six  minutes  later  Everything  we 
see  has  already  happened  long  ago. 
The  data  from  this  closest  approach 
will  not  arrive  until  early  tomorrow 
morning. 

The  last  half-day  has  produced 
some  of  the  most  astonishing  data  of 
the  encounter  Nine  hours  before  clos- 
est approach  Voyager  entered  Nep- 
tune’s magnetosphere,  the  region  of 
space  dominated  by  the  planet’s  mag- 
netic field.  Neptune’s  field  is  not 
strong— one  scientist  calls  it  "rather 
humble.'1  But  it  is  remarkable, 
nonetheless;  The  magnetic  poles  are 
offset  by  some  50  degrees  from  the 
planet's  axis  of  rotation. 

Magnetically  Neptune  is  surpris- 
ingly like  lopsided  Uranus,  despite  the 
other  apparent  differences  between 
the  two  worlds.  It  is  a mystery  that  sci- 
entists will  ponder  long  after  the 
encounter  is  over. 

August  25,  1:00  a.m. 

Ring  specialists  Rich  Terrile  and  Jeff 
Cuzzi  are  examining  a new  close-up  of 
one  of  Neptune's  rings.  The  ring  looks 
deceptively  simple,  a bright  line  cros- 
sing the  field  of  view.  In  reality  it  is  made 
of  innumerable  particles  of  ice  and 
dust,  each  one  a separate  satellite  of 
Neptune,  moving  in  accordance  with 
the  complex  laws  of  orbital  mechanics. 

Left  to  their  own  devices,  the  ring 
particles  would  have  long  ago  spread 


into  a single,  uniform  sheet,  but  they 
remain  confined  to  a handful  of  narrow 
bands.  This  is  familiar  to  Terriie  and 
Cuzzi.  They’ve  seen  the  same  thing  at 
Jupiter,  Saturn  and  Uranus.  To  the  sci- 
entists, this  is  evidence  that  a host  of 
small  moons,  as  yet  undetected  by 
Voyager’s  cameras,  orbit  near  the 
rings,  and  perhaps  within  them.  The 
gravitational  influence  of  these 
"shepherding”  moons  keeps  the  cir- 
cling material  confined  as  rings. 

On  the  new  image,  Cuzzi  finds  still 
more  evidence  for  unseen  moons 
within  the  rings;  The  ring  is  not  uniform, 
but  contains  clumps  of  material.  This 
kind  of  detective  work  is  the  ring  spe- 
cialists’ stock-in-trade,  and  they've 
learned  to  make  do  with  theory  when 
hard  evidence  is  lacking.  By  the  end  of 
the  encounter,  a handful  of  ring-moons 
will  be  found,  but  not  nearly  as  many  as 
the  scientists  would  like. 


Voyager%  dark  and  cratered  new  moon, 
“1989N1.” 


1:53 

An  incredible,  beautiful  image 
appears,  one  of  the  last  of  Neptune 
before  closest  approach.  It  shows  a 
collection  of  bright  cirrus  clouds,  like 
jet  contrails  side  by  side,  casting 
shadows  on  the  vast  cloud  deck  below. 
Suddenly,  an  extraordinary  intimacy 
with  Neptune:  We  are  close  enough  to 
see  shadows  on  a world  at  the  edge  of 
the  Solar  System. 

Our  attention  turns  to  the  hazard  of 
the  ring  plane  crossing,  as  these  data 
are  about  to  come  in.  Voyager  has 
braved  hazards  along  the  way— 
Jupiter’s  fierce  radiation  belts,  Saturn’s 
rings.  Now  it  wilt  run  Neptune’s  ring 
gauntlet.  While  the  Neptunian  rings  are 
far  less  substantial  than  Saturn's,  there 
is  still  risk,  for  at  Voyager's  speed  of 
nine  miles  a second,  a single  particle 
the  size  of  a grain  of  sand  could  do  ter- 
rible damage. 

We  see  the  readout  of  the  space- 
craft's Plasma  Wave  experiment,  which 
doubles  as  a dust  detector.  The  hits 
continued  on  page  52 
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If  you  think  Voyager's 
quick  flyby  of  Jupiter  was 
spectacular,  get  ready  for  a 
full-fledged  expedition. 


ENTER 

GALILEO 


ail  me  Galileo. 

Fm  free  now 
from  the  restrain- 
ing grasp  of 
Atlantis.  Even  as  I 
watch  the  shuttle 
retreat  to  a safe 
distance , I know 
the  crew  is 
methodically  counting  down  to  my 
departure. 

"Three... two.,, one..  Ignition!" 

My  booster  erupts  with  a thump  that 
shakes  me  through  to  my  titanium 
skeleton . Behind  me  is  a flickering 
peacock  tail  of  fire.  Finally,  long  after 
the  spaceship  disappears  from  sight, 
the  Earth  begins  to  grow  visibly  smaller. 
I glimpse  a bright  pinpoint  of  light,  far 
beyond  the  receding  blue  planet^my 
ultimate  destination. 

How  long  does  it  take  to  get  to  Jupi- 
ter? That  depends  on  whom  you  ask.  A 
direct  flight  to  the  planet  might  only 
take  eighteen  months  or  so.  The  more 
leisurely  itinerary  of  Galileo  will  require 
some  six  years.  And  for  those  who've 
been  working  to  get  the  mission 
launched,  it’s  been  twice  that  long 
already. 

Ever  since  the  spacecrafts  name- 
sake discovered  in  the  17th  century 
that  Jupiter  was  a planet  (and  in  the 
process  forever  changed  the  meaning 


of  that  word  from  "wandering  star"  to 
“world"),  It  has  been  rivalled  only  by 
Mars  and  Venus  as  a favorite  stop  on 
any  tour  of  the  Solar  System. 

Long  before  the  Space  Age3  there 
were  visionaries  who  dreamed  of 
travelling  beyond  the  Earth,  and  many 
of  the  earliest  speculative  voyages 
chose  Jupiter  as  their  destination.  In 
Jules  Verne's  1877  novel.  Hector  Sen 
vadac , a wayward  asteroid  carries  a 
group  of  hapless  humans  through  the 
Solar  System,  making  a close  ap- 
proach to  Jupiter  before  its  cometary 
orbit  returns  its  passengers  to  Earth, 
The  anti-gravity  spaceship  “CaHisto” 
made  the  trek  voluntarily  in  the  1894 
saga  A Journey  in  Other  Worlds  by 
John  Jacob  Astor  (yes,  that  Astor),  So 
too  did  the  "Astronef"  in  George  Grif- 
fiths Honeymoon  in  Space  (1900) 

The  authors  tried  to  describe  condi- 
tions on  Jupiter  but  the  limitations  of 
late  19th-century  science  fettered  their 
accuracy,  Griffiths  honeymooners,  for 
example,  saw  "vast  continents  shape 
themselves  and  melt  away  into  oceans 
of  flames,  while  mountain  ranges  of 
flowing  lava  were  hurled  up  miles  high 
to  take  shape  for  an  instant  and  then  fall 
away  again,  leaving  fathomless  gulfs  of 
fiery  mist  in  their  place." 

As  science  progressed  in  the  twen- 
tieth century  Jupiter  grew  more 
poisonous,  colder  and  more  hostile.  Its 
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sheer  strangeness  made  it  a prime 
target  for  the  space  missions  that  bold 
designers  began  planning  as  early  as 
1961.  After  several  false  starts — mis* 
sions  using  nuclear  rockets  and  the 
mammoth  Saturn  5 Moon  rocket  once 
were  considered — the  scaled-down 
Pioneer  10  and  11  spacecraft  went 
winging  off  to  the  Jovian  system  for  a 
quick  look-see  in  the  early  70s,  fol- 
lowed by  the  now  legendary  Voyagers 
in  1977 

But  those  missions  were  relatively 
simple  flybys,  rather  like  watching  the 
passing  scenery  from  a train  without 
stopping  to  explore  the  countryside.  In 
1968,  even  before  the  Pioneer  flights, 
the  Astrosciences  Center  of  the  Illinois 
Institute  of  Technology  had  done  the 
first  serious  studies  of  Jovian  entry 
probes.  The  Jet  Propulsion  Laboratory 
(JPL)  and  NASA's  Ames  Research  Cen- 
ter, meanwhile,  conducted  their  own 
investigations  through  the  mid-70s. 

Early  1976  saw  the  birth  of  the  Jupiter 
Orbiter-Probe,  a concept  that  com- 
bined a spacecraft  to  orbit  the  gaseous 
giant  with  an  entry  vehicle  to  hurtle  into 
its  turbulent  atmosphere.  JPL  and 
Ames  formed  a team,  the  former  to 
manage  the  entry  probe  and  the  latter 
to  build  the  orbiter. 

With  formal  Congressional  approval 
in  1979,  the  mission  got  a new  name: 
Galileo.  It  was  scheduled  to  be 


December  1995:  Galileo’s  probe  meets 
Jupiter’s  stormy  atmosphere. 

launched  in  January  1982  on  the  thir- 
tieth flight  of  the  space  shuttle,  but 
delays  in  the  shuttle  program  moved 
Galileo  back  again  and  again.  Finally 
the  Challenger  disaster  put  a double 
whammy  on  the  mission.  The  space- 
craft had  to  sit  in  storage  until  shuttle 
flights  resumed;  expendable  launch 
vehicles  capable  of  a Jupiter  mission 
simply  no  longer  existed.  And  shuttle 
managers  decided  that  the  liquid- 
hydrogen  Centaur  booster  that  was  to 
have  sent  it  beyond  Earth  orbit  was  too 
dangerous.  It  was  replaced  by  the 
safer  but  less  powerful  two-step  Iner- 
tial Upper  Stage  (IUS). 

There  was  one  small  problem:  IUS 
lacked  the  requisite  oomph  to  boost 
Galileo  directly  to  Jupiter,  and  a way 
had  to  be  found  to  make  up  the  dif- 
ference in  energy.  Mission  designers 
discovered  "VEEGA,”  the  Venus- 
Earth  - Earth-Gravity-Assist 
trajectory— thereby  turning  what  had 
been  a straightforward  planetary  mis- 
sion into  a sort  of  “mini-grand  tour”  of 
the  Solar  System  out  to  Jupiter. 

Galileo  is  the  most  complex  mission 
ever  sent  into  deep  space.  The 
spacecraft  itself  is  a technological 
breakthrough:The  orbiter's  upper  sec- 
tion, with  instruments  to  detect  mag- 


netic fields  and  charged  particles, 
spins  slowly,  while  the  lower  part, 
including  a scan  platform  for  cameras 
and  spectrometers,  remains  station- 
ary. Altogether,  there  are  ten  scientific 
instruments  on  the  orbiter,  with  another 
six  on  the  teardrop-shaped  probe  that 
will  be  dropped  into  Jupiter’s  atmos- 
phere. 

After  years  of  waiting  in  clean  rooms 
and  holding  facilities,  Galileo  will  finally 
get  off  the  ground  in  mid-October,  on 
shuttle  flight  STS-34.  Five  months  after 
its  launch  from  Atlantis,  the  spacecraft 
is  scheduled  to  reach  Venus,  streaking 
over  the  morning  terminator  (the 
shadow  line  between  night  and  day)  at 
an  altitude  of  9,000  miles.  Taking 
advantage  of  a close  approach  to  the 
cloudy  world,  Galileo  will  search  for  evi- 
dence of  lightning  in  the  atmosphere 
as  well  as  determine  its  composition 
and  distribution  with  infrared  spec- 
troscopy. 

The  Venus  flyby  wasn’t  considered  in 
the  original  design  of  the  spacecraft. 
Sunshades  were  added  to  protect 
Galileo’s  delicate  electronics  compart- 
ments, science  boom,  magnetometer 
and  so  forth.  Since  the  high-  and  low- 
gain  communication  antennas  will 
both  be  aimed  away  from  the  Earth  for 
the  first  few  hundred  days  of  the  voy- 
age, a third,  aft-pointing  antenna  also 
was  added. 
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“Fields  and  particles”  sensors  mounted 
on  long  booms  and  fixed  to  the  main 
spacecraft  body  will  study  the  violent, 
radioactive  environment  near  Jupiter's 
volcanic  moon  lo. 


Alter  leaving  Venus,  Galileo  will  be 
travelling  a little  faster,  like  a stone 
whipped  from  a sling  — the  whole  pur- 
pose in  sending  it  there  in  the  first 
place  — and  on  course  lor  a brief  visit  to 
the  Earth  and  its  Moon  In  the  ten- 
month  interval  before  returning  home, 
Galileo  will  continue  to  make  itself  use- 
ful, its  ultraviolet  instruments  searching 
for  evidence  of  neutral  hydrogen  atoms 
in  the  inner  Solar  System,  which  may  be 
the  relics  of  vaporized  comets  that, 
according  to  one  theory,  are  still  rain- 
ing down  on  Earth, 

In  December  1990,  Galileo  will 
become  the  first  planetary  spacecraft 
to  complete  a round-trip  to  Earth. 
Approaching  from  the  night  side,  the 
robot  explorer  will  rocket  over  our  ter- 
minator at  an  altitude  of  only  600  miles. 
During  this  pass  it  will  dump  the  data  it 
collected  at  Venus;  because  the 
spacecraft  can  t use  its  high-gain  an- 
tenna so  dose  to  the  Sun,  all  of  the  data 
will  have  been  recorded  for  playback. 
Like  a steel  ball  in  some  cosmic 
pinball  machine,  Galileo  will  be  shot  by 
Earth's  gravity  into  a wider  solar  orbit. 
For  the  next  two  years,  it  will  cruise  the 
inner  Solar  System,  measuring  con- 
centrations of  interplanetary  dust  and 
studying  ultraviolet  emissions. 

There  will  be  some  Voyager-class 
drama  as  well.  A little  more  than  two 
years  after  launch,  Galileo  will  zoom  by 


the  asteroid  Gaspra,  From  600  miles 
away,  the  spacecraft  will  concentrate 
on  the  basics:  surface  composition, 
rotation  rate  and,  of  course,  lots  of  tour- 
ist snapshots.  Images  of  Gaspra 
should  have  a resolution  superior  to 
those  of  Uranus'  moon  Miranda  sent 
back  by  Voyager  2 in  1986. 

Galileo's  second  gravity  assist  from 
Earth,  in  December  1992,  is  the  one 
that  has  trajectory  planners  chewing 
their  calculators.  The  spacecraft  will 
hurtle  around  the  home  planet  less 
than  200  miles  above  the  surface, 
picking  up  enough  speed  to  send  it  off 
on  a six-year  orbit  around  the  Sun  that 
will  intersect  Jupiter's  orbit  in  1995. 

Before  the  launch,  anti-nuke  activists 
made  this  scheduled  close  encounter 
a cause  celebre , ('Chernobyl  in  The 
Sky M f 11  screamed  one  handout.)  They 
dutifully  noted  that  Galileo  carries 
something  like  50  pounds  of  plutonium 
in  its  radioisotope  thermoelectric 
generator  (RTG)  batteries,  and  a slight 
oops  could  cause  the  stuff  to  rain  down 
into  the  atmosphere.  Despite  the  preci- 
sion that  NASA  has  demonstrated  in 
threading  planetary  needles  with 
spacecraft  at  billion-mile  distances,  iths 
unlikely  the  issue  will  die  until  Galileo  is 
safely  on  its  beeline  to  Jupiter 

On  the  way  out,  Galileo  will  visit  one 
more  asteroid,  Ida,  in  August  1993,  The 
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Galileo  will  travel  an  ever-shifting  series 
of  loops  that  brings  it  near  at  least  one 
of  Jupiter’s  large  moons— lo,  Europe, 
Ganymede  or  Callisto— on  each  orbit. 
Below:  Project  engineers  have  waited 
years  to  get  their  spacecraft  off  the 
ground. 

same  distance  it  encountered  Gaspra. 
but  it  will  be  whizzing  past  much  faster, 
about  eight  miles  per  second.  Scien- 
tists hope  Ida’s  size —roughly  twice  the 
size  of  the  first  asteroid— will  make  the 
flyby  just  as  rewarding. 

About  six  months  before  arriving  at 
Jupiter,  in  early  July  1995,  Galileo  will 
separate  into  two  parts:  The  probe  will 
continue  independently  toward  its 
entry  into  the  violent  atmosphere,  while 
the  orbiter  performs  a trajectory  cor- 
rection that  will  cause  it  to  overfly  the 
probe  and  eventually  go  into  orbit 
around  the  giant  planet. 

The  first-act  finale  of  Galileo’s  space 
ballet  begins  on  December  7 1995, 
when  the  orbiter  is  scheduled  to  pass 
the  pizza-faced  moon  loP  with  its  sulfur- 
ous  volcanic  fountains  and  lava  flows. 
The  speeding  spacecraft  will  train  its 
near-infrared  and  ultraviolet  spec- 
trometers on  lo  to  improve  our  knowl- 


edge of  the  satellite's  chemical  make- 
up, and  do  as  much  other  science  as 
the  quick  encounter  permits. 

The  real  stunner  at  lo  should  be  the 
close-up  images  shot  during  the  flyby 
The  miss  distance,  620  miles,  is  cal- 
culated to  help  Galileo  slow  down 
before  the  spacecraft  fires  its  German- 
built  retrorocket  to  enter  a looping  cir- 
cuit around  the  Jovian  system.  But  it's 
also  about  20  times  closer  than  Voya- 
ger is  encounter  in  1979— and 
Galileo's  high-resolution  camera  is  a 
hundred  times  more  sensitive.  One 
handy  analogy  is  that  wed  be  able  to 
see  the  individual  buildings  in  any 
theoretical  Ionian  cities,  whereas  at 
Voyager's  resolution  we'd  only  have 
suspected  that  the  cities  themselves 
existed. 

Shortly  after  the  orblters  brush  with 
lo.  the  anxious  scientists  at  JPL  will  shift 
their  attention  to  the  highlight  of  the 
Galileo  mission:  entry  of  the  probe  into 
Jupiter's  atmosphere.  The  800-pound 
craft  will  penetrate  not  far  north  of  the 
Jovian  equator,  at  about  the  equivalent 
latitude  of  Sri  Lanka  on  the  Earth. 
Travelling  at  100,000  mphr  it  will  hit  the 
atmosphere  like  a meteor,  a blinding 
fireball  streaking  across  the  livid  sky. 
Four  hundred  g's  of  deceleration  will 
slow  it  enough  to  deploy  a parachute, 
and  the  instrument  module  will  finally 
begin  to  relay  measurements  to  the 
orbiter  passing  overhead. 

The  probe  will  attempt  an  ambitious 
program  of  scientific  investigations  as 
it  sinks  through  its  hostile  surround- 
ings. Its  key  instrument  is  a compact 
neutral  mass  spectrometer  that  should 
let  researchers  precisely  determine 
the  composition  of  Jupiter's  atmo- 
spheric gases  Also  onboard  are 
experiments  to  chart  atmospheric 
structure,  the  location  of  cloud  layers 
and  characteristics  of  cloud  particles. 

Some  of  the  data  the  probe  will 
obtain  has  implications  beyond  Jupiter 
itself.  The  ratio  of  hydrogen  to  helium  in 
the  Jovian  atmosphere  is  important  to 
astrophysicists,  because  many  believe 
Jupiter’s  composition  mimics  the 
primordial  solar  nebula  from  which  our 
Sun  and  planets  formed.  Mea- 
surements by  the  net  flux  radiometer, 
which  will  observe  atmospheric 
changes  visible  only  in  infrared 
wavelengths,  may  tell  us  more  about 
the  basic  driving  forces  behind  the 
planet  s complex  weather  systems. 

The  fragile  bundle  of  instruments  will 
swing  beneath  its  parachute,  buffeted 
by  hurricane-force  winds  and  methane 
and  ammonia  hail.  Lurid  clouds  will 
most  likely  be  rushing  past  as  if  in  a 
time-lapse  film,  illuminated  by  light- 
ning bolts  targe  enough  to  incinerate 


an  entire  terrestrial  city.  Finally  at  a 
depth  where  the  atmospheric  pressure 
is  about  20  times  the  sea  level  pressure 
on  Earth,  temperature  and  weakening 
radio  signals  to  the  orbiter  will  silence 
the  probe.  It  will  all  be  over  with  an  elec- 
tronic whimper— only  an  hour  after  the 
drama  began. 

Not  for  the  Galileo  orbiter,  of  course. 
The  busy  spacecraft  will  have  settled  in 
for  at  least  a 22-month  mission,  during 
which  it  wifi  circle  Jupiter  ten  times  and 
have  a close  encounter  with  at  least 
one  Jovian  satellite  on  every  orbit. 

Although  Galileo's  main  body  spins 
for  stabilization  at  nearly  3 rpm,  the 
cameras  and  some  other  experiments 
are  on  a "despun"  platform  so  they  can 
remain  pointed  at  their  targets.  Among 
the  instruments  Galileo  will  be  training 
on  Jupiter  wifi  be  a near-infrared  map- 
ping spectrometer,  an  ultraviolet  spec- 
trometer, a magnetometer  and  radio 
science  experiments.  One  hundred 
and  fourteen  scientists  from  six  nations 
will  be  awaiting  Galileo's  broadcasts. 

The  orbiter's  first  circuit  after  passing 
lo  is  its  longest;  It  will  be  another  150 
days  before  the  craft  re-enters  the 
realm  of  the  Planet  King  At  the  apogee 
of  the  long,  elliptical  orbit.  Galileo  will 
fire  a burst  from  its  rocket  engine  to  re- 
target itself  toward  a second  Jovian 
moon,  probably  Ganymede.  During 
each  subsequent  “tour"  of  the  planet- 
ary system,  the  robot  will  adjust  its  tra- 
jectory using  its  engine  and  gravity 
assists  from  the  satellites  it  visits. 

Just  as  at  lo,  the  views  of  icy  smooth 
Europa,  scarred  Ganymede  and 
cratered  Callisto  should  be  striking. 
Galileo's  imaging  system  will  provide 
pictures  20  to  100  times  superior  to  any 
obtained  before;  we  should  see  details 
down  to  100  feet  across  on  some  satel- 
lites, And  the  ability  to  adjust  Galileo's 
orbit  means  that  the  spacecraft  can 
inspect  the  polar  regions  of  the  moons 
for  the  first  time. 

Moons,  though,  aren't  the  only  rea- 
son Galileo  will  take  a different  track  on 
every  tour.  As  it  loops  round  and  round, 
the  orbiter  will  be  changing  its  orienta- 
tion to  Jupiter's  atmosphere  and  map- 
ping out  a path  through  the  gaseous 
giant's  magnetic  field,  or  "magnetos- 
phere,15 The  Voyagers  discovered  that 
the  Jovian  magnetosphere  is  very 
dynamic,  churning  with  energies  far 
exceeding  those  of  Earth’s  van  Allen 
belts.  It’s  also  chock  full  of  energized 
particles  originating  from  the  planet 
and  its  satellites — lo  alone  pumps 
about  a metric  ton  of  oxygen  and  sul- 
phur atoms  into  the  magnetic  field 
each  second . 

The  ability  to  study  this  environment 
continued  on  page  52 
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NASA's  long-awaited  space 
telescope  will  explore  the 
Solar  System  without  ever 
leaving  Earth  orbit. 


NEIGHBORHOOD 

WATCH 


Hhe  Hubble  Space 
Telescope,  due  to 
be  launched  next 
March,  will  be  the 
most  advanced 
instrument  ever 
made  for  observ- 
ing the  most  dis- 
tant objects  In  the 
Universe.  But  the  sensitive  instruments 
tucked  just  behind  the  telescope's  94  5- 
inch  primary  mirror  also  will  be  of  great 
value  to  planetary  astronomers.  The 
telescopes  Wide  Reid/Planetary  Cam- 
era, for  example,  can  be  used  to  hunt  for 
wayward  asteroids,  while  the  Faint 
Object  Camera  will  be  ideal  for  observ- 
ing dim  comets  or  planetary  atmo- 
spheres. Along  with  three  other  onboard 
instruments,  they  will  have  plenty  of  work 
observing  comets,  asteroids,  planets, 
ring  systems  and  moons  in  both  visible 
and  ultraviolet  light. 

Why  use  an  Earth-orbiting  telescope 
when  we  can  send  spacecraft  to  visit 
nearby  planets?  'Spacecraft  give  us 
snapshots,  not  long-term  observations," 
says  Harold  A.  Weaver,  Associate 
Astronomer  at  the  Space  Telescope  Sci- 
ence Institute  (STScI),  the  Baltimore- 
based  center  responsible  for  the 
planning,  support  and  handling  of  the 
telescope,  "We  know  weather  on  the 
Earth  changes  dramatically  from  day  to 
day.  On  the  outer  planets,  we  have  the 


same  thing." 

Another  reason  for  conducting  Solar 
System  observations  with  Hubble  is  the 
telescope's  size  and  versatility.  "You 
can't  send  a large,  heavy  spectrograph 
to  a planet  on  a small  spacecraft — but 
you  can  put  it  into  a space-based  obser- 
vatory,M says  Robert  A.  Brown,  a planet- 
ary astronomer  at  STScI  In  addition,  he 
says,  It's  easy  to  fix  or  upgrade  the 
instruments  in  Earth  orbit,  but  once  you 
send  a craft  to  Pluto,  youYe  stuck  with 
what  you  thought  was  smart  17  years 
before/1 

Observations  planned  for  the  first 
seven  months  of  Hubble's  life  in  orbit  will 
address  a broad  cross-section  of 
planetary  problems  such  as  the  origins 
of  comets  and  asteroids,  the  precise 
orbits  of  newfound  planetary  satellites 
and  the  study  of  planetary  rings  and 
atmospheres.  All  of  the  known  planets 
are  fair  game,  excluding  Mercury,  which 
is  too  close  to  the  Sun  to  risk  Hubble's 
delicate  optics. 

Ultraviolet  observations  will  be  among 
Hubble's  most  valuable  Solar  System 
experiments.  "We  are  always  looking  at 
the  lighted  side  of  the  planet  with  [the 
telescope],  making  it  difficult  to  see 
such  phenomena  as  auroras,"  says 
Francesco  Paresce,  an  astronomer  at 
STScI  who  is  one  of  the  first  observers 
with  guaranteed  time  on  the  telescope. 
'But  the  Sun  Turns  off  in  the  UY  so  there 


BY  PATRICIA  BARNES-SVARNEY 


is  no  scattering  of  light— only  what  is 
transmitted  by  the  planet/' 

Of  the  162  proposals  picked  recently 
to  receive  viewing  time  on  the  tele- 
scope 20  involve  planetary  targets. 
Cometary  studies  topped  the  accepted 
list,  with  Jupiter,  Pluto  and  its  moon  Cha- 
ron running  close  behind. 


The  planetary  'missions"  cover  a wide 
range  of  science.  John  Clark  of  the  Uni- 
versity of  Michigan  will  conduct  a direct 
search  for  auroral-type  phenomena  on 
those  outer  Solar  System  satellites  like 
Saturn’s  Titan  that  have  atmospheres, 
Rita  Beebe  of  New  Mexico  Sfate  Univer- 
sity has  proposed  a monitoring  program 


The  Voyager  and 
Viking  spacecraft 
had  to  travel  mil- 
lions of  miles  to 
achieve  this  kind 
of  detail  in  their 
close-up  planet- 
ary photos.  From 
Hubble's  vantage 
point  above  the 
atmosphere,  the 
space  telescope 
will  routinely  be 
able  to  match  the 
resolutions  shown 
here  for  Jupiter, 
Saturn  and  Mars. 


to  study  short-term  changes  in  Jupiter’s 
atmosphere.  And  Benjamin  Zellner,  an 
astronomer  at  Computer  Sciences  Cor- 
poration, hopes  to  determine  the  com- 
position of  the  Martian  moons  Phobos 
and  Deimos,  which  may  in  fact  be 
asteroids  captured  by  the  gravitational 
pull  of  the  Red  Planet. 

Not  all  the  proposals  will  be  assigned 
a firm  slot  on  Hubble's  viewing  schedule. 
For  example,  one  of  Harold  Weaver  s two 
proposals  is  to  observe  '‘new11  comets. 
Unlike  the  periodic  comets  such  as  Hal- 
ley whose  orbits  are  well  documented, 
new  comets  have  made  no  previous 
appearance  in  our  neighborhood.  Since 
these  visitors  are  by  definition  unpre- 
dictable, Weaver's  proposal  comes 
under  the  ‘target  of  opportunity”  pro- 
gram, If  a new  comet  is  discovered  with 
a ground-based  scope,  Hubble  obser- 
vations will  be  wedged  into  the 
schedule. 

Zellner  also  has  a “target  of  opportu- 
nity” observation  using  the  Wide  Field/ 
Planetary  camera,  images  of  galaxies 
and  other  deep  space  objects  will  be 
checked  for  signs  of  much  smaller 
objects  close  to  home.  “We  are  looking 
for  short  trails  that  will  represent 
unknown  comets  or  asteroids — objects 
that  are  way  out  in  the  Solar  System,” 
says  Zellner.  If  such  distant  objects 
appear  in  the  photos,  especially  away 
continued  on  page  60 
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In  the  early  days  of  the  space 
shuttle,  when  NASA  was  first 
kicking  around  the  idea  of  a 
"Space  Flight  Participant'1 
program,  the  categories  of 
people  considered  most 
likely  to  become  the  first  pri- 
vate citizens  to  orbit  the 
Earth  included  teachers, 
writers,  TV  reporters— and 
artists.  If  things  had  gotten 
that  far,  Paul  Hudson  would 
have  been  a leading  candidate. 

But  even  before  the  Challenger  acci- 
dent postponed  the  program  indefi- 
nitely, Hudson  says  he  wouldn’t  have 
gone.  He  would  love  to  fly  on  the  shut- 
tle, but  thinks  the  few  onboard  seats 
should  be  allotted  to  specialists  with 
essential  missions,  not  to  spectators. 

Anyway,  he  travels  to  space  almost 
every  day.  He  does  it  in  his  studio, 
where  some  of  the  hardware  for  future 
space  missions  begins  in  the  imagina- 
tions of  Hudson  and  his  collaborator, 
aerospace  engineer  Brand  Griffin. 

Born  in  the  frontier  state  of  Alaska, 
the  sandy-haired  artist  has  been  an 
enthusiast  of  space  travel  since  the  day 
he  watched  the  Apollo  astronauts  take 
that  first  small  step  on  the  Moon  in  1969. 
He  was  nine  years  old  then,  living  in 
California. 

The  wonder  of  that  event  still  shines 
through  the  square,  boyish  good  looks 
of  the  mature,  professional  artist  Hud- 
son is  today  As  a child  he  wanted  to  be 
an  astronaut,  and  in  high  school  he 
started  out  majoring  in  science  and 
minoring  in  art,  But  as  the  space  pro- 
gram seemed  to  slow  down  in  the  1970s 
and  the  planets  remained  unexplored, 
he  realized  that  he  “could  get  to  these 
worlds  a lot  faster  by  painting  them,11 
He  switched  his  major  and  minor 
around,  and  after  graduation  enrolled 
at  the  Art  Center  College  of  Design  in 
Los  Angeles, 

Hudson's  first  professional  job  was  at 
Disney's  Epcot  Center  in  Florida,  where 
he  designed  spacecraft  and  undersea 
colonies.  After  freelancing  for  a while, 
he  answered  Boeing's  call  to  work  as  an 
artist  depicting  the  space  station 
designs  of  a young  engineer  named 
Brand  Griffin. 

Two  years  later,  the  entrepreneurial 
spirit  seized  Hudson  again,  and  he 
returned  to  freelancing.  His  work  has 
been  commissioned  by  NASA, 
National  Geographic,  Time- Life,  the 
President's  National  Commission  on 
Space  and  several  private  corpora- 
tions. Then  last  year,  he  and  Griffin 
teamed  up  again  for  a series  of  paint- 
ings of  space  hardware  published  as  a 
calendar,  A new  partnership,  called 
"SpaceWorks,"  was  born. 
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Hudson  (above,  at  his  draw- 
ing table)  turns  Griffin’s  sketches 
into  finished  paintings  like 
this  scene  of  a Manned  Autonomous 
Work  Station  (MAWS)  in  the 
vicinity  of  a space  station,  Griffin's 
attention  to  detail— how  a 
viewing  visor  opens,  or  where  a 
spacecraft’s  cabling  is 
stowed— comes  from  his  own  experi- 
ence in  designing  and  testing 
actual  space  hardware*  Lower  right: 
TJie  engineer  at  work  inside  a 
weightlessness  simulation  tank. 
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BRAND  GRIFFIN 


At  first  glance,  Hud* 
son  s pictures 
appear  to  be  pho- 
tographs. Then 
you  remind  your- 
self that  we  haven’t 
yet  put  a camera 
on  the  surface  of 
Neptune,  and  that 
it  will  be  years 
before  astronauts 
skip  over  the  sur- 
face of  Mars  with  portable  jet  packs 
strapped  to  their  backs  The  dramatic 
realism  of  Hudson’s  work  is  the  result  of 
the  intensity  of  his  imagination  and  a 
devotion  to  detail  he  shares  with  Griffin. 


"I  want  to  be  on  the  Moon,"  Hudson 
says.  1 want  to  be  flying  that  craft.  The 
only  way  for  me  to  do  that  right  now  is  to 
paint  it  as  realistically  as  possible." 

The  paintings  usually  begin  with 
Griffin's  engineering  sketches.  In  his 
job  at  Boeing,  he  directs  the  design  of 
the  habitation  modules,  or  Jiving  quar- 
ters, for  NASA's  Space  Station  Free- 
dom, scheduled  for  launch  in  the  mid- 
1990s  Hudson  describes  his  partner 
as  a "driving  force'1  and  “a  genius.'1  The 
only  problem  is  that  Griffin  works  in 
Huntsville,  Alabama,  and  Hudson 
about  40  miles  from  Seattle.  Hudson 
says  they  keep  Federal  Express  in 
business, 

Griffin  has  architecture  degrees 
from  Washington  State  and  Rice  Uni- 
versity, where  his  Master's  thesis,  not 
surprisingly,  was  on  the  design  of  a 
space  station.  He  also  has  extensive 
knowledge  of  engineering  and  human 
physiology.  Griffin  manages  to  be 
pleasant  and  intense  at  the  same  time. 
He  has  won  the  Prix  de  Rome  study  fel- 
lowship, as  well  as  three  NASA  faculty 
fellowships  to  work  at  the  Spacecraft 
Design  Division  at  the  Johnson  Space 
Center.  A pitot  and  experienced  scuba 
diver,  he  believes  in  personally  testing 
what  he  designs.  He  has  flown  NASA’s 
zero-g  aircraft,  and  has  spent  many 
hours  in  space  suits,  in  the  simulated 
weightlessness  of  a "neutral  buoy- 
ancy'1 tank, 

!t  was  Sputnik  that  first  attracted  Grif- 
fin, 42,  to  space.  He  read  some  science 
fiction  when  he  was  a kid.  but,  like  Hud- 
son, prefers  nonfiction.  "Nothing,"  he 
says,  "is  more  unpredictable  than  fact." 

After  working  all  day  designing  the 
space  station  for  Boeing,  Griffin  goes 
home  and  works  on  the  even  more 
advanced  projects  that  Hudson  will 
turn  into  models  and  paintings.  When 
they  actually  get  together,  they  talk 
about  space  travel  with  the  knowledge 
of  veterans  and  the  enthusiasm  of  kids. 


Unlike  the  space  hardware  dreamed 
continued  on  page  55 
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Persistent. 

Stubborn. 

Prime  donna. 
Robert  Farquhar 
figures  those  are 
his  good  qualities 
when  it  comes 
to  championing 
the  use  of 
iibration  points. 


► « 


By  Devera  Pine 

Oobert  Farquhar  has  had  this  thing 

about  Iibration  points  for  30  years, 
o prove  it,  he  putls  a dog-eared 
of  his  doctoral  thesis  out  from 
under  one  of  the  neat  piles  that  completely  cover  his 


double-width  desk  in  the  advanced  mission  plan- 


ning section  of  NASA's  Goddard  Space  Flight  Center. 
Then  he  points  out  how  few  changes  he's  made— in 
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bold  red  ink — since  the  document  was  written. 
What  has  piqued  Farquhar's  interest  for  so  long  is 


39 


the  practical  application  of  libration 
points— mathematical  and  physical 
curiosities  that  exist  in  a two-body 
planetary  system  such  as  the  Earth  and 
the  Moon.  There  are  five  of  these  loca- 
tions, usually  labeled  LI  through  L5, 
where  gravitational  pull  and  centrifugal 
force  exactly  balance.  They're  also 
called  Lagrangian  points  after  Joseph 
Lagrange,  the  French  mathematician 
who  first  thought  of  them  in  1772, 
Farquhar  thinks  that  NASA  should  be 
using  libration  points — combined  with 
such  orbital  tricks  as  swinging  space- 
craft around  the  Moon  or  Earth  to  pick 
up  speed— to  save  fuel  and  increase 
the  size  of  interplanetary  spacecraft. 
Because  of  the  neat  balance  of  forces 
at  a libration  point,  a space  station 
placed  at  the  distance  of  the  Moon's 
orbit,  but  exactly  opposite  the  Moon, 
would  be  able  to  maintain  that  stable 


position  using  relatively  little  fuel.  Trie 
cost  in  fuel  of  moving  the  station  from 
one  libration  point  to  another  also 
would  be  negligible. 

So  far;  only  one  mission  has  ever 
made  use  of  libration  points— the 
ISEE-3,  or  International  Sun-Earth  Ex- 
plorer project,  launched  in  1978.  That 
craft,  designed  to  study  the  solar  wind, 
went  into  what's  known  as  a "halo”  orbit 
around  one  of  the  Sun-Earth  libration 
points,  (In  a halo  orbit  the  craft  doesn't 
sit  at  the  libration  point,  but  circles 
slightly  above  and  below  the  plane  of 
the  planets.) 

Despite  the  success  of  the  mission, 
however,  Farquhar  laments  that  the 
idea  of  libration  point  orbits  still  hasn't 
really  caught  on  for  human  spaceflight 
applications.  Perhaps  it's  partly 
because  ISEE-3,  instead  of  peacefully 
living  out  its  days  monitoring  the  solar 
wind,  was  transformed  into  the  head- 
line-making “International  Cometary 
Explorer,” 


In  a move  that  earned  him  nation- 
wide newspaper  coverage,  a letter 
from  President  Reagan,  and  the  admi- 
ration of  schoolchildren  (they  wanted 
his  autograph),  Farquhar  repro^ 
grammed  the  craft  to  fly  past  comet 
Giacobini-Zinner  in  1985.  He  accom- 
plished this  in  part  by  swinging  the 
craft  around  the  Moon  to  gain  speed  — 
five  ti  mes.  The  last  of  these  passes  was 
so  low  (75  miles  above  the  lunar  sur- 
face), that  colleagues  joked  he  was 
about  to  add  "Farquhar’s  Furrow”  to  the 
Moon’s  cratered  face. 

Though  ISEE-3  was  never  designed 
to  observe  comets,  the  mission  went 
well;  the  craft  was  the  first  ever  to  fly  to 
one  of  the  icy  dustballs.  But  the  con- 
quest of  the  comet  overshadowed  the 
earlier  success  of  having  placed  a 
spacecraft  in  a libration  point  orbit.  "I'm 
tired  of  [ISEE-3]  being  known  for  just 


the  comet  portion  of  the  mission.  That's 
the  only  thing  anybody  knows  about/ 
Farquhar  says.  In  fact,  he  claims  that 
when  it  comes  to  human  missions, 
NASA  headquarters  is  all  but  ignoring 
his  work  on  the  subject— and  he’ll  pull 
every  trick  in  the  book  to  get  his 
arguments  heard. 

According  to  Farquhar,  one  of  the 
most  economical  ways  to  go  to  Mars  is 
to  set  up  a way  station  at  the  Li  or  L2 
point  in  the  Sun- Earth  system.  You'd 
launch  your  Mars  spaceship  from 
either  of  these  points  — not  from 
Earth— and  you'd  use  swingbys  of  the 
Moon  and  Earth  to  give  you  much  of  the 
energy  you'd  need  for  the  trip,  Your 
Mars  craft  never  comes  down  to 
Earth—a  shuttle  does  that  job,  travel- 
ing from  low  Earth  orbit  to  the  libration 
point  One  advantageof  this  plan  is  that 
NASA  wouldn't  have  to  choose 
between  a Mars  program  and  a return 
to  the  Moon.  It's  a relatively  simple  mat- 
ter to  transfer  from  an  orbit  around  a 


Sun-Earth  point  to  an  orbit  around  an 
Earth-Moon  point,  says  Farquhar,  so 
you'd  be  able  to  do  both  trips  with  the 
same  hardware. 

Problem  is,  NASA's  Office  of  Explora- 
tion, which  is  planning  strategies  for 
reaching  Mars  and  the  Moon,  has 
shown  little  interest  In  libration  points 
until  very  recently.  From  another  one  of 
the  piles  on  his  desk,  Farquhar  fishes 
out  a copy  of  a stinging  letter  he  wrote 
to  the  office,  complaining  that  the  use 
of  “innovative  concepts”  such  as  libra- 
tion point  orbits  aren't  conspicuous  in 
official  NASA  plans  because  of  their 
"inherent  complexity.”  According  to 
Farquhar,  correct  use  of  such  tech- 
niques would  double  the  payload  de- 
livered to  lunar  orbit  from  low  Earth 
orbit, 

“I  try  to  stir  things  up  until  I get  a reac- 
tion,11  Farquhar  admits.  "I  wonder  what  I 
have  to  say  to  those  guys  to  get  them  to 
react.  I just  keep  escalating  it.11  (Includ- 
ing, one  suspects,  by  talking  to  repor- 
ters.) 

Perhaps  his  tactics  have  had  some 
effect.  The  Office  of  Exploration  con- 
firms that  it  is  now  studying  the  possi- 
bility of  using  libration  points  in  future 
missions.  Still,  Farquhar  is  annoyed 
that  his  ideas  have,  in  his  opinion,  been 
ignored  for  too  long:  “I've  done  all  this 
work  on  libration  points,  and  these 
guys  [didn’t]  even  talk  to  me.  So  they 
wind  up  reinventing  the  wheel.”  He 
even  wrote  Sally  Ride  about  his  plans 
when  she  was  putting  together  a report 
on  future  NASA  goals  in  1986 — she 
didn't  listen  to  him  either,  he  says.  It’s 
an  old  story  that  a prophet  is  not  known 
in  his  own  land  " 

If  anything,  Farquhar’s  reputation 
with  the  folks  at  NASA  headquarters 
is  less  prophet,  and  more  a combina- 
tion maverick-nudnik.  When  he  first 
hitched  up  with  the  agency  in  1960,  he 
was  told  to  work  on  the  Saturn  5 rocket. 
“I  said,  'Gee,  I don't  think  I’d  like  doing 
that,  I think  I want  to  work  on  these  libra- 
tion points.'  The  reaction  wasn't  too 
good— they  said,  ‘Who  is  this  prime 
donna?'  I've  always  been  this  way — I'm 
very  independent.  Ask  my  secretary; 
she  says  I’m  stubborn,  too,” 

Perhaps  to  get  him  off  their  backs, 
officials  at  the  agency’s  Solar  System 
Exploration  Division  recently  brought 
Farquhar  in  from  the  cold  He's  now 
detailed  to  NASA  headquarters  to 
head  the  new  “Discovery"  program, 
which  aims  to  develop  a new  class  of 
simple,  inexpensive  planetary  mis- 
sions. As  one  of  Farquhar’s  colleagues 
puts  it,  Discovery  has  declared  “open 
season  on  all  clever  ideas,” 

If  some  folks  in  this  country  haven't 
always  wanted  to  listen  to  Farquhar's 
continued  on  page  58 
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A space  station  would  stay  “anchored’’  at  any  of  the  Earth'Moon  or  Earth-Sun 
libration  points. 
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COLOR  SUD1  SETS  Specially 
compiled  bv  finol  Frontier  i photo  editor. 
Dramatic,  full-color  images. 

APOLLO  1 1-MOON  LANDING 

(20  slides]  $R95  # 1 

MANNED  LAUNCH  VEHICLES 

(20  slides)  $14,95#  2 

VIEWS  OF  THE  PLANETS 

(20  slides]  $R95#  3 

THE  BEST  OF  TH  E 

SHUTTLE  PROGRAM 

(40  slides)  $2195#  4 % 

(shipping  $1.50  each  set} 


STAMP  WATCHES 

Harrd  mode,  one-aM-time 
stamp  watches  depict 
stunning  space  scenes. 
Leather  bend,  Seiko  quartz 
movement,  man  made 
crystal  and  two  year  battery. 
One  year  warranty.  $49.95 
each 

MAN  ON  THE  MOON  #5 
LUNAR  LANDER  #6 
LUNAR  ROVER  #7 
SKYLAB  #8 

(shipping  $2.00  each] 


FISHER  SPACE  PENS 

The  actual  pen  of  the  aslrormuts, 
Pressurized  cartridge  writes  upside 
dawn,  under-waler,  in  freezing 
8 bailing  temperatures. 

ASTRONAUT  PEN:  $12,95  #9 
BULLET  PEN  w/SHUTTLE: 

$16.95  # 10  (shipping  $1.00  each) 


NEW  AGE  SPACE  MUSIC 

Best-selling  albums  from  Atlanta 
f planetarium  composer  Jann  Serrie. 
Highly  recommended  for  music  listeners 
who  like  to  drift  into  space.  Compact  Disc 
$14.95  Cassette  Tape  $9.95 
*FLIGHTPATH*  Compact 
\ Disc  #11  Cassette  #12 
- \ "AND  THE  STARS  GO 

p \ WITH  YOU"  Compact 
) Disc  #13  Cassette  #14 

’ I (shipping  Si  .50  each) 


SPACE  PIN  COLLECTOR  SETS 

Jewelry- quality,  official  crew-insignia 
designs.  Genuine  cloisonne.  PMgiffg 
Complete,  special  edition  sets. 


MERCURY  PROGRAM  SERIES 

(7  pins)  $34.95  #15 

GEMINI  PROGRAM  SERIES 

(11  pins)  S55  #16 

APOLLO  PROGRAM  SERIES 

(17  pins)  $85  #17 

SHUTTLE  PROGRAM  SERIES 
(thru  ST $-30)  $144  #18 
I NTERKOMSMOS  SERIES 

[18  pins)  $125  #19 

PIN  COLLECTORS  ALBUM 

(pins  not  included)  $34,95 
#20  (shipping  $2.50  each  set) 


DESKTOP  DISPLAT  SCALE 

MODELS  Highest  quality,  completely 

asse m bled  an d finished  wilh  authentic  ma rkings . Inti u des 

varnished  wooden  base.  (Some  models  take  4-6  weeks  to  deliver, 

check  far  availability.)  SMALL  SHUTTLE  w/tank  8 boosters  ^ 

(shown)  1/200,  UWa",  $49.95  #21  LARGE  SHUTTLE  w/tonk  8 

boasters  1/100,  25^9",  $189.95  #22  SMALL  ORB  ITER  1/200, 

7M‘W,  $29.95  #23  MEDIUM  ORB1TER  1/144, IOWA  $47.50  #24 
LARGE  O RBI  TER  (shown)  1/100,  14WWA  $39.95  #25 
LG  0 RBI  TER  w/opening  cargo  bay, 

1 f]  00 1414WA  $149.95  #26  - 

747  w/ORBITER  1/200, 14Wr 

$99.50  #27  ' .^B 

B-2  STEALTH  BOMBER—  . ,^B 

Coming  Soon!  (call  for  price  8 

availability)  (shipping  $6.00  fur  ’X  ' I 

Large  Shuttle,  $4.00  ench  all  alkra)  ^B 


BONUS!  FREE  SPACE  PEN!  WITH  ORDERS  OVER  $25 


NASA  ASTRONAUT  CAPS  Quality  sports  cap  lib  the 
astronauts  wean  Adjustable,  fils  all  sizes.  BUCK  CAP  w/NASA  worm  logo 
$9.50  #33  WHITE  CAP  w/NA$A  vecfor  logo  $9.00  #34  (shipping  $1.50  wh] 
NASA  SATIN  SPORT  JACKET  100%  Dupont  nylon  outer 
with  Kasha  interlining  and  NASA  logo.  Available  in  red,  royal  & black.  (Please 
specify  color  choice),  539.95  #35  (shipping  $2.00  each)  Specify  size:  Small,  Medr 

has  at-  SHIRTS  (not  shown)  50/50  Paly-cotton  blend  T-shirt  with 
crew  collar  RED  T-SHIRT  w/NASA  worm  logo  in  while  $10.95  #36 
WHITE  T-SHIRT  w/N ASA  vector  logo  in  blue  $10.95  #37  (shipping  $1.50 
endi)  Specify  size: 

Small,  Med,  Lg,  X-Lg 


MAPS  OF  THE  UNIVERSE 
MOON  MAP 

Unique  map  glows  in  the  dark  for  mace  than 
3 hours,  recharges  by  light.  Over  150 
scientifically- accurate  leal  ares.  Non-toxic  moan  is  o 
large  26"  in  diameter!  $19.95  #28  {shipping  $2.00 
each) 

SOLAR  SYSTEM 
EXPLORATION  MAP 

36"x36'  map  shows  planets,  larger  moons,  large 
□steroids  and  carnets.  Trajectories  of  interplanetary 
spacecraft  are  shown  in  phosphorescent  ink.  Bottom 
panel  depicts  the  pioneering  spacecraft.  Includes  29 

^I^CEMAX CCwlrCTcR0  ^ 

SOFTWARE 

Space  Station  Construction  Simulator,  based  on 
NASA's  program.  Combines  project  management 
wilh  business  strategy  in  an  exceptional  simulation, 
Requries  IBM  PC  or  compatible,  DOS  2.10  or  higher, 
192-KB  RAM  or  mare,  color  graphic  adapter,  color 
monitor.  3 Floppy  discs  and  extensive  operation 
manual  included.  $59.95  #30{shipp1ng  $2.00  each) 
DIE  CAST  SHUTTLE  REPLICAS 
Features  retractable  landing  georand  moving 
parts. 

747  w/SH  UTILE  [removable)  6 W*"x2,  $8.95 

#31 

SHUTTLE  w/ARM  (opening  doors,  removable 

payload)  JW'xWtFA", 
$12.95  #32 

(shipping  $2.50  each) 


ESTES  SPACE  SHUTTLE 
FLYING  MODEL  STARTER 

SET  //  realty  flies!  Over  IQ"  high,  ton  be 
launched  to  altitudes  of  500  feel.  Relurns  to 
Earth  via  18"  parachute.  Shuttle  model,  launch 
controller,  launch  pad,  three  engines,  ignitors 
and  wadding.  Adult  supervision  recommended 
for  children  under  12,  $32,95  #38  [shipping  $3.00 
endi) 

PLASTIC  MODEL  KITS  BY 
REVELL  Scale  models  that  you  build 
yourself.  Fully  detailed.  SPACE  SHUTTLE 
LAUNCH  COMPLEX  1/144,  $59.95  #39 
SHUTTLE  w/CARGO  DOORS  £ PAYLOAD 
1/72  $19.95  #40  SHUTTLE  w/TANK  £ 
BOOSTERS  1/144  (not  shown)  $14.95  #41 
(shipping  $4.50  for  Launch  Complex,  oil  others  $1.75 
each) 


TO  ORDER  BY  PHONE  CALL  TOLL-FREE  T-ROO-aA-LUMAR 


THE 

ENCYCLOPEDIA 
Of  SOVIET 
SPACECRAFT 

Over  250  photos  from 
Vostock  (me  first  manned 
spacecraft)  through 
Salyut  A must  for  space 
enthusiasts,  Hardcover: 
$14.95  #42 

JOURNEY  INTO 
SPACE 

The  first  ibirty  years  of 
space  exploration,  ihe 
promise  and  frustrnlion, 
success  and  tragic  failure. 
Hardcover:  $19.95  #43 

MARS,  OUR 
FUTURE  ON  THE 
RED  PLANET 

Takes  us  along  on  the  firsl 
trip  to  Mars  and  outlines 
bow  we  can  begin 
colonization.  Hardcover: 
$17,95  #44 

THE  VIEW  FROM 
SPACE 

Dramatic  color 
photographs  taken  in 
space  by  16  different 
astronauts  from 
1962-1972,  Hardcover: 
$24.94  #45  Save  aver  $5  00 
off  cover  pete! 

RACE  INTO 
SPACE:  THE 
SOVIET  SPACE 
PROGRAMME 

Recounts  the  thrilling  and 
dramatic  events  of  the 
Soviet  programme  from 
its  earliest  beginnings. 
Hardcover-  $39.95  #46 

THE  GLASS  LADY 

A most  accurate  minute 
hy  minute  account  of 
f fight  onboard  tbe  Space 
Shuttle.  A daring  mission 
to  disable  a a orbiting 
satellite  weapon. 

Hardcover:  $16.95  #47 

COUNTDOWN 

Compelling,  intensely 
personal  autobiography 
of  former  astronaut  Frank 
Borman's  career 
Hardcover:  $19.95  #46 

FOR  ALL 
MANKIND 

A dro malic,  engrossing 
and  comprehensive 
account  of  man's  greatest 
adventure— the  voyage 
to  the  moon.  Hardcover: 
$19.95  #49  Sava  $3.00  off 
reg.  price! 

JOURNEY  TO 
THE  STARS 

Spare  exploration 
tomorrow  and  beyond. 

The  search  for  life  on 
other  worlds.  If  they  ore 
listening  to  us,  will  they 
reply?  Hardcover:  $18,95 
#50 


SCHIRRA'S  SPACE 

Wally  tnkes  us  into  Ihe 
inner  sanctum  of  the  early 
space  program  io  this 
autobiography. 

Hardcover:  $16.95  #51 

THE 

MONUMENTS 
OF  MARS:  A CITY 
ON  THE  EDGE  OF 
FOREVER 

Chronicles  the  explosive 
discovery  of  ihe  humanoid 
face  on  Mars,  Paperback: 
$14.95  #52 


THE 

ENCYCLOPEDIA 
OF  US 

SPACECRAFT 

A detailed  catalog  of 
America's  spacecraft 
developed  for 
commercial,  military  ond 
NASA  programs. 
Hardcover:  $14,95  #53 


BEFORE 
LIFT-OFF:  THE 
MAKING  OF  A 
SPACE  SHUTTLE 
CREW 

An  unprecedented  look  at 
haw  snuftle  astronauts  are 
1 rained.  Hardcover: 

$18.50  #54 

MEN  FROM  EARTH 

Buzz  Aldrin  tells  the  story 
of  America's  rote  with  the 
Soviets  la  the  moon  in  a 
vivid  re-creation. 

Hardcover:  $19.95  #55 

TO  THE  EDGE  OF 
THE  UNIVERSE 

Over  75D  photos  allow 
you  to  witness  the 
wonders  of  our  solar 
system  beyond  the  Earth's 
atmosphere.  Hardcover: 
$12,98  #56 

MARS  1999: 
EXCLUSIVE 
PREVIEW  OF 
US-SOVIET 
MANNED 
MISSIONS 
The  feasibility  ond 
author's  vision  of  an 
extiling  approach  ta  Mors 
Hardcover:  $14.95  #57 

THE  PICTORIAL 
HISTORY  OF 
WORLD 
SPACECRAFT 

Over  200  photos  from 
Sputnik  1 through  the 
Shuttle,  satellites  ond 
Voyagers  of  the  80 rs. 
Hardcover:  $17.95  #58 


LIFT  OFF;  THE 
STORY  OF 
AMERICA'S 
ADVENTURE 
IN  SPACE 
Michael  Collins'  account  of 
one  of  monkind's  greatest 
adventures...  the  US 
space  program. 

Hardcover:  $21.95  #59 
Save  over  $3 .80  off  cover  price. 


NIGHT  LAUNCH 

A red-hot  techna  thriller 
combines  hard 
information  with  o 
suspenseful  plot.  A rescue 
mission  in  space. 
Hardcover:  $18.95  #60 

THE  SOVIET 
MANNED  SPACE 
PROGRAM 

From  Yuri  Gagarin  to 
Salyut  7 and  Mir,  Provides 
on  unparalleled 
perspective.  Over  200 
photos.  Hardcover: 

$24.95  #61 

SPACE  SHUTTLE: 
THE  QUEST 
CONTINUES 

The  state  of  the  space 
program  and  where  it 
is  headed  Photos 
throughout.  Paperback: 
$12.95  #62 

THE 

ASTRONAUTS 

A comprehensive  who's 
who  of  astronauts  from 
Yuri  Gagarin  to  Sally 
Ride.  Over  225  photos. 
Hardcover:  $12.98  #63 

SPACE  STATION 
FRIENDSHIP 

A berth  has  been  reserved 
for  you  an  the  space 
station  in  the  year  2007. 
Hardcover:  $14.95  #64 

ENTERING 
SPACE:  AN 
ASTRONAUTS 
ODYSSEY 

Joseph  R Allen's  first  hand 
account  of  space  flight — 
from  countdown  la  life  in 
space.  Over  200  photos. 
Paperback:  $14.98  #65 
Save  $10  off  rover  prte! 

HISTORY 
OF  NASA: 
AMERICA'S 
VOYAGE  TO 
THE  STARS 
From  the  first  rocket  ta 
the  landings  on  the  moon. 
Outstanding  visuals 
captured  in  240  photos. 
Hardcover.  $12.98  #66 


THE  HOME 
PLANET 

150  photas  from  the 
entire  Soviel  ond  US 
archives  show  the 
grandeur  of  Earth  ond  the 
mystery  of  space. 
Hardcover:  $34.95  #67 
Save  $5.00  off  reg.  price! 


PRESCRIPTION  FOR  DISASTER 

From  the  glory  of  Apollo  to  the  betrayal  of  the  Shuttle, 
A startling  expose  of  Americas  spore  program. 
Hardcover:  $9,95  #68  Save  $9.00  off  cover  price! 


THE  PLANETS 

Exciting  illustrated  sf,rvev  offers  a unique  perspective  an 
our  solar  system.  Packed  with  photos.  Hardcover: 
$12.98  #69 


BONUS!  FREE  SMCE  PEN!  WITH  ORDERS  OVER  $25 


INTERKOSMOS 
PIN  SET 

ll"x14"  display  sel  of  16 
jewlery-quality,  official 
Interkosmos  pins  with 
centerpin  (suitable  for 
framing).  5160  #70 
(shipping  $3.50  set) 


SOON  TO  BE 
RELEASED!!! 
DESKTOP 
SOVIET  SHUTTLE 

Actual  Soviet  made  model  of 
the  Buran  shuttle  complete 
with  authentic  markings. 
1/200, 8"x4s/«" 

(available  soon— call  for 
price  and  delivery  dote) 


COMPLETE  V 

AUTHENTIC  N 

INTERKOSMOS  - 

JOINT  MISSION 

INSIGNIAS 

Patch  set  of  official  designs  with 

Jacket  patch.  Reody  to  frame. 


__  (Suggested  display  only.)  $275  #71 

ift  (shipping  $3.50  set) 

r INTERKOSMOS-JOINT 
y MISSION  DECALS 

Sel  of  14  decals  $15  #72  (shipping  $1.00  sel) 

GLAVKOSMOS/ 

BURAN  MICH  ^ 

$10.00  #73 
(shipping  $1.00  each) 


Order  Now!  ^ 

FRONTIER  SPACE  MATERIALS  v 

2400  FOSHAY  TOWER  ^ 

MINNEAPOLIS,  MN  55402 

FREE  SPACE  PEN!  WITH  ORDERS  OVER  $25. 

FOR  FASTER  DELIVERY  CALL  TOLL-FREE!  1-800-24-LUNAR 

• credit  card  orders  only  • 

name 


address 


SOVIET  SPACE 
VEHICLE  PIN  SET 

7 pin  set  includes  Buran,  Mir, 
Energia  rocket  w/Buran,  Soyuz, 
Salyut,  Vostok,  & Voskhod.  $50 
#74  (shipping  $2.50  set) 


Check/Money  Order  □ Visa  □ American  Express  □ Mastercard  □ 

Expires 


Acct.  No. 

Signature 

Allow  3-4  weeks  for  delivery  Some  items  may  take  longer  due  to  availability. 

Double  S/H  for  Canadian  surface  shipment,  triple  overseas. 
______  Call  for  next  day  del ivery  prices ! _ _ ^41289 


■ITEM# 

SIZE 

QTY. 

DESCRIPTION/COLOR 

PRICE  EACH 

S/H 

TOTAL  | 

1 Method  of  payment: 

TOTAL  ORDER 

Reach  for  the 
Moon! 


LIFTOFF! 


On  July  20,  1969,  Apollo 
11  landed  on  ihc  moon, 
bringing  to  a conclusion 
humanity's  most  dramatic 
contest:  the  race  to  the 
moon. 

Now,  the  incredible  era  of 
the  great  space  race  has 
been  transformed  into  a 
game;  LIFTOFF!  One  to 
four  players  recreate 
earth's  most  daring  ven- 
ture through  a boaidgame 
of  unique  and  exciting  design.  In  LIFTOFF! t players 
take  the  reins  of  one  of  four  space  programs  (Ameri- 
can, Soviet,  European  or  Asian)  to  dictate  the  develop- 
ment of  space  technology,  creation  of  rocket  pro- 
grams, training  of  astronauts,  and  the  planning  of 
mission  launches.  Players  must  do  whatever  possible 
to  reach  the  moon  first  while  constantly  being  aware 
lhat  the  safety  of  every  astronaut  is  of  the  utmost  im- 
portance. 


LIFTOFF f is  not  just  a fun 
and  exciting  board  game, 
it's  also  an  excellent  learn- 
ing tool  for  anyone  inter- 
ested in  humanity's  first 
tentative  footsteps  beyond 
its  planet. 


LIFTOFF /,  which  retails 
fcrS28.95,  is  available  at  all  quality  hobby  and  game 
stores  or  direedy  from  Task  Force  Games  (add  $2*00 
for  shipping,  but  mention  this  ad  and  you  will  receive 
a poster  of  the  dramatic  LIFTOFF!  cover,  created  spe- 
cially for  Task  Force  Games  by  noted  space  artist  Ken 
Hodges,  absolutely  free).  For  more  information  or  to 
order  LIFTOFF!,  call  Task  Force  anytime  from  9 am 
to  5 pm  PST. 


Task  Force  Games 
\ 14922  Calvert  St. 
Van  Nuys,CA  91411 
(818)785-0315 


"Technically  accurate  and  educationally 
stimulating...  a game  for  the  nineties!" 

- Leonard  David,  Editor  Ad  Astra,  National  Space  Society 


Reviews 


Journey  Into  Space 
By  Bruce  Murray 
W.  W.  Norton  and  Co. 
381  pages  $19.95 

By  Robert  M.  Powers 


espite  the  publisher’s  blurbs, 
which  call  Journey  Into  Space 
\ 'the  first  comprehensive  history  of 
: America's  space  program/'  the  book  is 
j mainly  about  exploring  the  planets  with 
\ unmanned  (or  "unwomanned,"  as 
j Sally  Ride  would  have  it)  spacecraft  — 
: specifically,  those  designed  by  the  Jet 
j Propulsion  Laboratory  (JPL)  when  the 
j author  was  a scientist  and,  later,  the 
; director  there.  Along  the  way,  Murray 
; attempts  to  give  an  insider’s  view  of  the 
j decline  and  fall  of  the  American  space 
l program, 


It  is  a history  of  nearly  mythological 
proportions.  It  begins  long,  long  ago  in 
a country  far,  faraway,  when  there  was  a 
Knight  named  Kennedy  in  a whiter- 
than-white  space  suit.  After  Kennedy, 
there  was  a Fall  into  Darkness,  in  which 
the  Evil  Ones,  who  lived  in  wretched 
and  benighted  lands  called  Texas  and 
Washington,  used  the  powers  of  Inabil- 
ity Incompetence,  Budgetary  Com 
straints  and  Great  Blindness  to  make  a 
monster  of  paper-clip  teeth  and  xerox- 
copy  tentacles,  which  they  called  The 
Shuttle,  and  which  they  sent  out  across 
the  great  nothingness  to  the  Land  of 
Pasadena,  where  the  Sun  still  shone,  to 
annoy  and  harass  the  righteous. 

After  Kennedy,  says  the  author,  no 
inspired  presidential  leadership  mate- 
rialized, and  "mediocrity  followed."  He 
blames  the  space  shuttle  for  nearly 
everything  since  the  Great  Flood. 
NASA,  he  says,  “mortgaged  America's  \ 


future  in  space  in  a desperate  bid  to 
retain  the  shuttle  as  its  means,  and  the 
ill-conceived  space  station  as  its  end. 
In  the  process,  NASA  killed  off  the 
unmanned  exploration  of  the  Solar 
System." 

He  defines  Apollo  as  "reality/1  the 
space  shuttle  as  "fantasy/1  and 
declares  that  "Russia,  not  America, 
leads  in  the  peaceful  international 
exploration  of  space."  He  does  not 
clearly  define  exactly  why  the  space 
station  was  so  "poorly  conceived/'  nor 
does  he  do  much  more  than  rehash  a 
great  deal  of  what  has  come  out  about 
the  shuttle  since  January  1986. 

Journey  Into  Space  is  a NASA- 
bashing  book,  something  nearly  every 
publisher  in  the  country  commissioned 
almost  before  the  parts  of  the 
destroyed  Challenger  had  settled  to 
the  ocean  floor.  Predictably,  such 
\ books  are  full  of  marvelous  hindsight. 


Increasing  interest  in 
astronomical  realism  has 
resulted  in  this  offering 
of  limited  edition 
signed  and  numbered 
fine  art  lithographs 
by  award  winning  fantasy 
and  astronomical  artist, 
Michael  Bates. 


State  of  the  art  laser 
scanning  techniques  and 
advanced  high  resolution 
color  printing  have  made 
possible  these  two  stunning 
new  views  in  space  art: 
3TARHAVEN  - $20,00 
FAR  GIANT  - $28.00 


Printed  on  100  lb.  qual- 
ity stock,  each  image  is 
inspected  and  signed  by  the 
artist  to  insure  accuracy 
of  detail  and  color. 


Add  $4.00  shipping  up  to 
4 prints  to  same  address 

Master  Card,  Visa  & Am  Ex 
Florida  orders  add  6%  tax. 
Shipped  rolled 


Vantage  Points 

P.0.  Box  300241 
Fern  Park,  FL  32730 
(407)  682-8799 


STARHAVEN 


FAR  GIANT 


10"  x 22  Edition:  5000 


15"  x 22"  Edition:  5000 


Copyright  1 989  by  Michael  Bates 


Murray,  referring  to  the  propulsion 
problems  with  the  shuttle's  Inertial 
Upper  Stage  (IUS):  "At  every  curve 
along  this  trail  toward  calamity,  a solu- 
tion was  obvious  to  us  at  JFL11 

At  the  heart  of  Murray's  angst  is  that 
many  space  science  missions  were 
delayed— and  some  cancel  ted  — 
because  NASA  would  only  allow  them 
to  be  flown  on  the  shuttle,  which  suf- 
fered teething  problems  that  are  now 
well  known  and  documented.  In  this 
| Murray  is  correct:  The  decision  by 
NASA  to  abandon  expendable  vehi- 
cles was  a serious  blow  to  unmanned 
space  exploration,  and  is  now  recog- 
nized as  a mistake. 

As  a respected  scientist  and  a prin- 
cipal player  in  some  of  the  most  fan- 
tastic missions  of  exploration  in  this  or 
any  other  century  Murray  had  an 
opportunity  to  tell  the  real  story  of  the 
"Golden  Age"  of  unmanned  planetary 
exploration.  Instead,  the  reader  gets  a 
healthy  dose  of  what  sounds  a good 
deal  like  sniveling. 

The  book  does  contain  some  good 
insider  stories:  Murray  relates  the 
demise  of  JPL's  solar  sail  mission  con- 
cepts in  a wry  fashion  and  describes 
how  the  Voyager  2 spacecraft  lost  its 
hearing  for  a frantic  interval  when  the 


project  team  simply  forgot  to  send  a 
critical  command.  He  mentions  the  JPL 
staff's  "10  pound  per  Mars  mission" 
weight  gain  (the  only  canteen  at  the 
time  was  an  ice-cream  machine),  and 
tells  a good  tale  about  naming  the  cra- 
ters on  Mercury. 

But  the  fun  soon  ends  in  the  dreary 
polemics:  On  page  168  we  come  upon 
Jimmy  Carter  calling  JPL  to  extend  his 
congratulations  on  the  success  of 
Pioneer  and  ask  questions  about  the 
mission  Murray  writes.  "No  President 
had  better  understood  space 
technically, 

But  on  page  257  Carter  is  described 
as,  "...the  most  scientifically  illiterate 
President  since  Thomas  Jefferson, " 
because  Carter  had  favored  the 
Gamma  Ray  Observatory  mission  for 
funding  over  Murray  and  JPL's  brain- 
child of  a Halley's  Comet  flyby. 

It  is  in  his  chapter  about  the  pro- 
posed Halley  flyby  that  Murray  rages 
most  furiously.  In  a book  that  devotes 
only  40-odd  pages  to  the  exploration  of 
Mars  by  four  Mariner  probes,  four  Vi- 
kings and  several  ill-fated  Soviet  mis- 
sions, Murray  flogs  on  for  50  pages 
about  the  never-funded  Halley  mission 
that  would  have,  in  the  author's  words, 
"become  a symbol  for  all  America, 


signifying  its  return  to  leadership  in 
space  exploration.' 5 

The  American  public  must  be  misin- 
formed. They  are  under  the  delusion 
that  those  great  pictures  of  Mercury, 
Mars,  Jupiter,  Saturn,  Uranus  and  all 
those  fabulous  moons  came  from 
American  spacecraft.  Thanks  mainly  to 
this  same  Bruce  Murray  and  JPL.  And, 
having  just  watched  live  pictures  from 
Neptune  on  the  six  o'clock  news,  we 
find  that  Galileo  will  be  launched  after 
all,  as  will  the  Space  Telescope,  and  a 
Mars  Observer 

It's  true  that  they  could  have  been 
launched  a decade  earlier.  That  is 
regrettable,  and  certainly  frustrating  It 
is  hardly  a tragedy,  and  it  falls  very 
short  of  the  epic  proportions  of  Decline 
and  Fall,  despite  all  of  Murray's  well- 
meaning  efforts  to  prove  otherwise. 

Near  the  end  of  the  book,  the  author 
makes  an  impassioned  plea  for  a 
manned  mission  to  Mars,  mainly 
repeating  the  currently  fashionable 
view  that  we  will  do  it  with  the  Russians 
and  the  Europeans. 

I hope  so.  But  if  we  do,  Murray  will 
have  to  play  Dr.  Faust  to  the  evil  shuttle 
and  the  odious  space  station.  You  can't 
get  to  Mars  just  by  rubbing  two  sticks 
together  □ 
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MAKES  A DIFFERENCE 


The  Drawing  Board 

continued  from  page  23 

other  international  partners  are 
involved,  the  rover  and  sample  return 
may  become  separate  but  corn- 
plementary  missions. 

Either  way,  mission  designers  face 
some  tough  problems:  how  to  "tele- 
operate"  vehicles  on  the  Martian  sur- 
face when  there's  a 20-minute  delay  in 
receiving  signals;  how  to  make  a rover 
smart  and  rugged  enough  to  wander 
the  Martian  landscape  unsupervised; 
how  to  slow  down  a heavy  spacecraft 
by  “aerobraking”  in  the  thin  Martian 
atmosphere,  then  land  ft  accurately  on 
the  surface. 

The  good  news  is  that  solving  these 
problems  will  go  a long  way  toward 
making  it  possible  for  humans  to  follow 
in  the  wheel-prints  of  the  rovers,  some- 
time in  the  next  century. 

Comets  and  Asteroids 

If  you  judge  by  the  sheer  number  of 
missions  on  the  drawing  board, 
asteroids  and  comets  must  be  the  most 
interesting  objects  in  the  Solar  System, 
Beginning  with  Galileo’s  first-time- 
ever  flyby  of  two  main-belt  asteroids— 
Gaspra  and  Ida— in  1991  and  1993  on 
its  way  to  Jupiter  no  fewer  than  five 
asteroids  and  four  comets  are  awaiting 
robotic  visitors  in  the  next  15  years. 

NASA  now  has  a standing  policy  to 
fly  past  an  asteroid  for  close-up  study 
whenever  a spacecraft  crosses  the 
main  belt  between  Mars  and  Jupiter  on 
its  way  to  the  outer  Solar  System,  So, 
following  the  example  of  Galileo,  the 
Cassini  spacecraft  is  scheduled  to 
investigate  the  50-mile-wide  car- 
bonaceous asteroid  Maja  in  March 
1997,  and  one  more  asteroid  encounter 
may  be  possible  as  the  spacecraft 
heads  toward  its  meeting  with  Saturn  in 
2002. 

Closer  to  home,  planners  at  NASA 
headquarters  are  thinking  of  cheap 
and  easy  ways  to  send  a spacecraft  to 
one  or  more  of  the  so-called  near-Earth 
asteroids.  Although  only  a few  dozen 
have  been  identified,  statistical  studies 
suggest  that  as  many  as  1,000  "Earth- 
crossers"  may  exist  that  are  larger  than 
half  a mile  in  diameter.  If  so,  they  may 
provide  a valuable  supply  of  raw  mate- 
rials for  future  space  industry  and 
therefore  have  more  than  just  scientific 
interest. 

Building  on  earlier  studies  of  a Near- 
Earth  Asteroid  Rendezvous,  the 

space  agency's  new  "Discovery1’  pro- 
gram of  small,  quick  planetary  mis- 
sions is  considering  these  Earth- 
crosse rs  as  a prime  target  for  a future 
mission,  either  an  extended  rendez- 
vous, or— more  likely,  due  to  cost— a 


simple  flyby  or  series  of  flybys.  Like  the 
moons  of  Mars,  the  near-Earth 
asteroids  can  be  reached  with  rela- 
tively little  expenditure  of  energy. 

To  rendezvous  with  several  of  these 
asteroids  in  one  mission,  however, 
would  require  more  energy  Most 
designs  for  a multiple  rendezvous  mis- 
sion call  for  some  kind  of  ion  drive, 
probably  solar  electric  propulsion,  a 
technology  that  has  yet  to  be  devel- 
oped for  planetary  spacecraft. 

For  years,  the  Soviets  have  been  dis- 
cussing an  asteroid  mission  called 
VESTA,  named  after  one  of  the  bright- 
est and  largest  of  the  main-belt  bodies. 
At  one  time  the  project  was  to  have 
been  a French/Soviet  collaboration, 
until  the  French  dropped  out.  The  idea 
is  still  alive,  however,  according  to 
Soviet  academician  VaJery  Barsukov, 
who  outlined  plans  for  the  newly  re- 
christened VESTA/ASTER  mission  at  a 
recent  international  conference,  Bar- 
sukov spoke  of  a spacecraft  encoun- 
tering five  to  six  asteroids  and  one 
short-period  comet  over  the  course  of 
its  lifetime.  Such  a mission  could  be 
launched,  he  claimed,  as  early  as  1997 

Other  nations'  near-term  plans  to 
study  comets  have  more  to  do  with 
resuscitation  than  with  new  launches. 
In  1986,  a whole  fleet  of  spacecraft  from 
the  Soviet  Union,  Japan  and  Europe 
converged  on  that  most  famous  comet 
of  them  all,  Halley.  Now  the  European 
Space  Agency  (ESA)  plans  to  see  if  its 
probe,  called  Giotto,  is  up  for  another 
assignment.  On  or  about  February  19, 
1990,  ESA  will  use  NASA's  Deep  Space 
Network  to  try  and  reactivate  the 
spacecraft  and  check  the  health  of  its 
scientific  instruments.  Although  Giotto 
was  battered  by  dust  at  Halley,  most  of 
its  sensors  are  believed  to  be  func- 
tional. If  the  camera  is  still  working,  then 
the  Giotto  Extended  Mission  is  on. 

Shortly  after  it  left  Halley,  Giotto’s 
orbit  was  adjusted  to  bring  it  back  for  a 
flyby  of  Earth  in  July  1990.  If  the 
extended  mission  is  approved,  control- 
lers will  fine-tune  the  trajectory  before 
that  flyby,  in  late  March  or  early  April,  to 
send  the  probe  toward  a July  1992 
meeting  with  a comet  called  Grigg- 
Skjeilerup.  Japan's  more  limited  entry 
in  the  Halley  armada,  called  Suisei, 
may  also  be  re-targeted,  for  a 1998 
encounter  with  the  comet  Giacobini- 
Zinner. 

The  most  ambitious  of  the  near-term 
plans  for  cometary  exploration,  by  far, 
is  NASA's  Comet  Rendezvous 
Asteroid  Flyby  (CRAF),  scheduled  for 
launch  in  1995.  Along  with  the  Cassini 
Saturn  mission,  CRAF  received  “new 
start"  money  from  Congress  for  1990 
Both  missions  will  use  the  new  Mariner 
Mark  2 spacecraft  for  outer  Solar  Sys- 
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STS-28 


LAUNCH: 

8:37  AM  EOT,  August  8, 
1989,  Pad  39B,  Kennedy 
Space  Center,  Florida 

LANDING: 

6:37  AM  PDT,  August  13, 
1989.  Edwa  rds  Air  Force 
Base,  California 

ORBITER: 

Columbia 

ALTITUDE: 

184-195  nautical  miles 

CREW: 

Brewster  H.  Shaw,  Jr,, 
Commander 

Richard  N.  Richards,  Pilot 
David  C.  Leestma,  James  C. 
Adamson,  Mark  N,  Brown, 
Mission  Specialists 

PRIMARY  PAYLOAD: 

Classified.  Believed  to  be 
large  photo-reconnaissance 
satellite 

OTHER  PAYLOADS: 

Classified.  Possibly  related 
to  Strategic  Defense  Initia- 
tive (SDI) 

Shuttle  mission  28 
was  little  noted,  and 
probably  will  not  be  long 
remembered,  which  is  unfor- 
tunate. From  the  tidbits  of 
information  that  leaked  out, 
Columbia's  five-day 
classified  flight  apparently 
was  one  of  the  most  inter- 
esting military  shuttle 


missions  conducted  to  date. 

After  a brief  delay  caused 
by  haze  and  ground  fog, 
Columbia  executed  a 
flawless  liftoff  and  thundered 
up  into  the  bright  Florida  sky. 
The  moment  off  ignition  is  a 
thrifl  forany  ".rookie" 
astronaut,  but  co-pilot  Dick 
Richards  gotmore  than  he 
bargained  for:  His  seat 
jerked  backward  about  an 
inch  as  Columbia  lunged 
away  from  the  pad. 

Seconds  later  the  shuttle 
stack  performed  a stately 
pirouette  and  thundered 
off  toward  the  northeast, 
confirming  pre-launch 
speculation  that  the  mis- 
sion's orbital  track  was 
designed  to  overfly  much  of 
the  Soviet  Union.  Watchers 
at  the  Cape  clearly  saw  the 
shuttle's  solid  boosters  sepa- 
rate two  minutes  after  liftoff, 
and  the  fuzzy  glow  of  the 
orbiter  fs  three  main  engines 
remained  visible  in  long- 
range  tracking  cameras 
almost  to  the  point  of  engine 
cutoff 

A certain  amount  of 
silliness  about  "security" 


attends  these  shuttle  mis- 
sions for  the  Department  of 
Defense,  and  STS-28  was  no 
exception  NASA  officially 
blacks  out  communications 
between  the  astronauts  and 
Mission  Control  during 
ascent— yet  they  were 
clearly  audible  to  reporters 
eavesdropping  with  com- 
mon UHF  radios.  The  media 
representatives  even 
included  Soviet  journalist 
Nugzar  Ruhadze,  covering 
the  launch  as  part  of  an 
exchange  program  with 
Atlanta  television  station 
WXIA. 

There  also  was  the  usual 
guessing  game  about  Co- 
lumbia's secret  cargo. 
Analysts  agreed  that  the 
crew  would  launch  a spy 
satellite,  probably  a space- 
craft able  to  transmit 
high-resolution  images  of 
Soviet  military  targets  to  the 
ground.  A minority  opinion 
favored  another  radar-imag- 
ing "Lacrosse"  satellite, 
similar  to  one  deployed  by 
Atlantis’  STS-27  crew  last 
December. 

Whatever  Columbia  was 


hauling  in  its  payload  bay, 
some  aspects  of  STS-28  left 
even  veteran  shuttle-watch- 
ers scratching  their  heads. 
Even  on  classified  flights,  the 
crew  normally  releases  their 
primary  payload  during  the 
shuttle's  first  few  orbits  to 
ensure  mission  success  if  a 
problem  forces  a premature 
return  to  Earth.  But  as  Col- 
umbia went  round  and 
round,  only  two  small  objects 
were  spotted  flying  in  forma- 
tion with  the  orbiter  Ground 
observers  were  unable  to 
track  anything  the  size  of  a 
large,  maneuverable  recon- 
naissance satellite.  ("Maybe 
they  launched  a B-2  [Stealth 
bomber ],"  one  wag  sug- 
gested.) By  mid-August,  the 
U,S.  Space  Command  still 
had  catalogued  only  the  two 
payloads  initially  reported. 

Surprisingly,  it  was  Air 
Force  Secretary  Donald  Rice 
who  broke  the  official  silence 
on  Columbia’s  mission.  "The 
United  States  now  has  a 
satellite  in  orbit  as  the  result 
of  a very  successful  launch," 
Rice  boldly  announced  as 
the  astronauts  wrapped  up 
their  third  day  in  space,  “We 
were  extraordinarily  pleased, 
as  were  our  colleagues  in 
NASA,  that  everything  went 
so  well." 

There  was  another  sign 
that  perhaps  even  the  Penta- 
gon was  becoming  bored 
with  playing  spy  vs.  spy. 

The  Air  Force  nonchalantly 
revealed  Columbia’s  orbital 
parameters... while  NASA,  as 
is  its  custom  during  military 
flights,  insisted  that  the  infor- 
mation was  still  secret. 

The  astronauts  devoted  at 
least  one  day  of  their  flight  to 
a thorough  checkout  of  Co- 
lumbia's refurbished 
systems,  which  suffered  a 
couple  of  minor  glitches  dur- 


Shaw,  Adamson,  Leestma,  Brown  and  Richards  (I.  to  r«)  emerge 
after  their  secret  flight. 


ing  the  mission.  One  of  the 
orbiter’s  maneuvering  thrus- 
ters failed  and  had  to  be 
disabled  shortly  after  Col- 
umbia reached  orbit.  And 
early  in  the  mission,  it  was 
rumored  that  a fire  had 
broken  out  in  the  crew  com- 
partment. NASA  later 
explained  that  the  teleprinter 
in  the  spaceplane’s  middeck 
area  had  experienced  an 
electrical  short  that  caused  a 
small  spark  and  a puff  of 
smoke.  Neither  set  off  Col- 
umbia’s sensitive  smoke 
alarms. 

Near  the  end  of  their  fifth 
day  in  orbit.,  the  crew  but- 
toned up  Columbia  and 
began  their  fiery  reentry 
through  the  atmosphere. 
Swooping  in  from  the  north, 
Brewster  Shaw  and  Dick 
Richards  brought  the 
space! iner  in  for  a dusty 
but  perfect  touchdown  on 
Edwards'  lakebed  runway. 

"A  super  team— and  a great 
machine,  ' boasted  capsule 


communicator  Frank  Cub 
bertson  in  Mission  Control. 
"Welcome  home,  Columbia!" 

There  were  no  cheering 
throngs  to  greet  the 
astronauts,  however.  In  the 
interests  of  "national  secu- 
rity," the  public  had  been 
banned  from  Edwards,  Only 
reporters  were  allowed  to 
witness  the  landing — and 
even  they  had  to  scramble 
for  a view  when  a power  fail- 
ure knocked  out  television 
monitors  in  the  media  trailer. 

Columbia  came  through 
Mission  28  with  only  a few 
dings  on  its  thermal  tiles, 
which  should  aid  a quick 
"turnaround"  for  the  veteran 
shuttle  orbiter  The 
spaceliner  has  a critical 
appointment  on  its  next 
flight,  scheduled  for  Decem- 
ber 18:  retrieve!  of  the  Long 
Duration  Exposure  Facility 
(LDEF)  before  atmospheric 
drag  causes  the  schootbus- 
sized  satellite  to  fall  from 
orbit. 


SRACE  SHUTTLE  MISSIONS 
FOR  THE  DEPARTMENT  OF  DEFENSE 


MISSION 

DATES 

ORBITER 

PROBABLE  PAYLOAD 

STS-4 

6/27  - 7/4/82 

Columbia 

Infrared  telescopes 
(Not  a dedicated  DoD  flight) 

STS-51C 

1/24  -1/27/85 

Discovery 

Signals  intelligence 
electronic  eavesdropping  satellite 

S1S-51J 

10/3  - 10/7/85 

Atlantis 

Iwo  Defense  Deportment 
communications  satellites 

STS-27 

12/2-12/6/88 

Atlantis 

Lacrosse  radar 
reconnaissance  satellite 

STS-28 

8/8  - 8/13/89 

Columbia 

Photo-reconnaissance  satellite 

$15-33 

11/19/89* 

Discovery 

Signals  intelligence  satellite 

STS-36 

2/1/90* 

Atlantis 

Unknown 

STS  38 

7/9/90* 

Discovery 

Unknown 

$15-44 

3/4/91* 

Discovery 

Unknown 

S1S-48 

8/22/91* 

Atlantis 

Starlab 

(DoD  Spacelab  mission) 

STS  76 

12/16/93* 

Discovery 

Unknown 

'PLANNED  LAUNCH  DATE  AT  PRE5S  TIME 


tern  missions,  with  a combined  cost  of 
$1.6  billion. 

Now  that  Giotto  and  the  other  Halley 
spacecraft  have  done  their  quick  fly- 
bys, it's  time  to  rendezvous  with  a 
comet,  stay  with  it  through  thick  and 
thin  and  watch  its  transformation  from  a 
passive  Sun-circling  iceball  to  an 
active,  dust-spewing  wonder. 

That’s  exactly  what  CRAF  will  do.  It 
will  photograph  and  analyze  its  travel- 
ing companion,  a comet  called  Kopff, 
capture  and  analyze  samples  of  gas 
and  the  dust  that  will  be  spewing  out  at 
the  rate  of  some  600  pounds  per  sec- 
ond, and  even  send  a metal-tipped 
‘penetrator"  to  pierce  the  comet's  icy 
heart. 

CRAF  also  will  inspect  and  map  the 
entire  comet  from  up  close,  during 
both  its  quiet  and  active  phases,  under 
different  lighting  conditions  and  with  a 
whole  battery  of  spectrometers  and 
cameras. 

The  spacecraft  is  planned  for  launch 
in  August  1995,  Over  the  course  of  its 
eight-year  lifetime,  it  will  fly  past  and 
photograph  a 50-mife-wide,  main-belt 
asteroid  called  449  Hamburga  (named 
in  1899  for  the  city  of  Hamburg),  then  fly 
on  to  match  orbits  with  Kopff  in  August 
2000,  where  it  will  remain  for  at  least 
two  and  a half  years. 

The  penetrator  is  perhaps  the  most 
interesting  part  of  the  mission.  On  July 
20,  2001,  the  32nd  anniversary  of  the 
Apollo  11  landing,  CRAFrs  golf  tee- 
shaped penetrator  will  make  one  small 
step  for  cometary  science  as  it  sepa- 
rates from  the  main  spacecraft  to  fly  the 
two  and  a half  mile  distance  to  the  com- 
et's icy  nucleus.  Its  speed  will  be  some 
130  feet  per  second.  The  impact  will  be 
hard— up  to  350  gfs.  As  the  giant  golf 
tee  penetrates  to  a depth  of  three  feet, 
accelerometers  will  measure  the 
impact  to  determine  the  strength  of  the 
nucleus  (engineers  are  preparing  for 
anything  up  to  the  hardness  of  solid 
ice). 

Once  in  place — and  for  approx- 
imately the  next  week— the  penetrator 
will  determine  the  composition  of  the 
nucleus  and  take  temperature 
readings  with  instruments  ranging 
from  a gamma  ray  spectrometer  to  a 
gas  analyzer,  then  will  relay  data  back 
to  the  main  CRAF  spacecraft. 

CRAF's  intimate  dance  with  a comet 
will  be  state-of-the-art  science,  but  it 
won’t  be  the  ultimate.  Eventually, 
researchers  want  to  have  a piece  of 
comet  tor  themselves,  Japanese  sci- 
entists have  been  discussing  the 
possibility  of  a Coma  Sample  Return 
spacecraft  that  would  trap  samples  of 
dust  in  a special  gel  as  it  flew  through 
the  dusty  coma  of  a comet.  Then  there 
is  Rosetta  , a European  nucleus  sam- 
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pie  return  mission  planned  for  early  in 
the  next  century 

If  Rosetta  Is  approved  as  a new  ESA 
mission  In  1992,  a Mariner  Mark  2- 
derived  carrier  spacecraft  (the  main 
U.S.  contribution  to  the  project)  could 
be  launched  as  early  as  January  2001. 
The  "reference  mission"  now  under 
study  would  have  the  spacecraft  meet 
up  with  the  comet  Churiumov- 
Gerasimenko  in  2005.  After  several 
weeks  of  photographing  and  studying 
its  quarry  at  close  range,  a penetrator 
with  a radio  navigation  beacon  would 
be  shot  into  the  comet  near  the  desired 
landing  site. 

The  European-built  landing  vehicle 
would  then  follow.  After  anchoring  itself 
to  the  nucleus,  the  lander's  robotic  arm 
would  use  a core  drill  to  collect  up  to 
ten  pounds  of  material  and  place  it  in  a 
cryogenically  cooled  sample  con- 
tainer, which  would  lift  off  from  the 
lander  platform  to  rejoin  the  main 
spacecraft  in  orbit  near  the  comet  A 
three-year  cruise  would  bring  the 
sealed  container  and  its  precious 
cargo  back  to  Earth,  where  It  would  re- 
enter the  atmosphere  and  parachute 
down  to  the  surface  to  be  recovered  by 
eager  cometary  scientists  in  Novem- 
ber 2008. 

Why  all  the  interest  in  these  tiny 
chunks  of  rock  and  ice?  Scientists  gen- 
erally believe  that  comets  and 
asteroids  are  small  pieces  of  the  Solar 
System  s past.  While  the  surfaces  of  the 
planets  and  large  moons  have  been 
constantly  reworked  by  bombardment, 
erosion  and  volcanic  activity  these 
smaller  bodies  may  have  remained  rel- 
atively unchanged  since  they  formed 
billions  of  years  ago. 

If  comets  and  asteroids  do  offer  a 
"Rosetta  Stone"  for  understanding  the 
origins  of  our  own  Solar  System  and 
perhaps  others,  then  it  would  be  of 
interest  both  to  astronomers  and  to 
exo-biologists  who  try  to  reconstruct 
how  life  could  have  developed  from 
bits  of  carbon,  hydrogen  and  other  ele- 
ments floating  among  the  stars. 

With  a fleet  of  comet  missions  on  the 
drawing  board,  maybe  we'll  soon  find 
out. 

Jupiter 

The  long-delayed  Galileo  mission 
finally  gets  underway  this  year,  and  so 
begins  the  second  generation  of  outer 
Solar  System  exploration  (see  page 
28),  What  the  Pioneers  and  Voyagers 
passed  by  in  a hurry,  Galileo  will 
inspect  up  close  over  the  course  of  a 
leisurely,  two-year  tour. 

After  Galileo,  there  are  no  firm  plans 
for  Jupiter  missions,  but  there  are 
always  ideas.  A panel  of  the  National 
Research  Council  suggested  several 


options  in  its  1988  report,  Space  Sci- 
ence in  the  Twenty-First  Century 
Galileo's  tour  through  the  equatorial 
regions  of  the  Jupiter  system  could  be 
followed  by  a magnetospheric  polar 
orbiter,  then  by  a deep  atmospheric 
probe  that  would  explore  regions  inac- 
cessible to  Galileo. 

Eventually,  we  would  also  want  to  turn 
our  attention  to  the  Jovian  moons, 
beginning  with  an  lo  lander  to  explore 
that  volcanic  moon's  violent  relation- 
ship with  Its  parent  planet.  After  that, 
could  a lander  to  crack  Europe's  icy 
shell  be  far  behind? 

Saturn 

What  Galileo  does  for  Jupiter,  the 
Cassini  project  will  do  for  Saturn.  With 
start-up  funding  recently  approved  by 
Congress,  the  U,S,/European  mission 
(named  after  the  discoverer  of  several 
Saturnian  satellites)  is  now  on  track  for 
a launch  in  April  1996. 

Following  flybys  of  Earth  and  an 
asteroid  on  the  way  outward,  Cassini 
will  fly  through  the  tail  of  Jupiter's  mag- 
netic field  on  its  way  to  a rendezvous 
with  Saturn  in  October  2002. 

There  it  will  stay  for  four  years,  circl- 
ing the  ringed  planet,  exploring  its  icy 
moons  and  ring  system  with  a full  suite 
of  spectrometers,  cameras,  and  fields 
and  particles  sensors,  and  paying  par- 
ticular attention  to  the  cloud-covered 
moon  Titan,  which  it  will  study  at  close 
range  with  imaging  radar  on  each  orbit; 
After  some  35  to  40  Titan  flybys,  more 
than  70  percent  of  the  moons  surface 
should  be  mapped. 

Then,  an  even  closer  look.  Five 
months  after  arriving  at  Saturn,  in 
March  2003,  the  European  Space 
Agency's  Huygens  probe  (named  after 
Titan's  discoverer)  will  be  released  from 
the  main  orbiter  to  descend  by 
parachute  for  three  hours  through  the 
moon's  thick  atmosphere.  Mission 
designers  expect  that  the  probe  will 
survive  its  impact  on  the  surface  to 
keep  transmitting  data,  although  this  is 
not  guaranteed.  (Project  scientists 
have  been  using  the  Very  Large  Array  of 
radio  telescopes  In  New  Mexico  to  try 
and  discover  whether  Titan's  surface  is 
solid  or  liquid,  to  give  them  some  idea 
whether  Huygens  will  land  with  a thump 
or  a splash.) 

Whatever  is  on  the  surface  will 
appear  in  panoramic  photographs 
taken  by  the  probe  as  it  descends 
through  the  atmosphere,  sniffing  the 
gases,  looking  for  lightning  and  con- 
ducting other  experiments.  None  of 
this  will  be  a snap— among  other 
technical  problems,  Huygens'  engin- 
eers have  to  figure  out  how  to  deploy  a 
parachute  at  Mach  1.5,  or  one  and  a half 
times  the  speed  of  sound.  If  they  suc- 
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ceedr  though,  those  three  hours  at 
Titan  will  be  the  highlight  of  what  may 
be  the  decade's  most  exciting  planet- 
ary voyage. 

After  Cassini  ends  its  main  mission 
in  September  2006,  future  expeditions 
to  Saturn  will  likely  go  deeper  into  the 
atmosphere  or  explore  the  planets 
polar  regions.  A Titan  lander  (or  floater) 
is  inevitable,  and  a ring  rendezvous 
mission  to  study  Saturn's  dizzying 
bands  of  icy  moonlets  has  also  been 
proposed  for  the  21st  century. 

Uranus  and  Neptune 

It  may  seem  premature  to  talk  about 
going  back  to  Uranus  and  Neptune, 
considering  that  Voyager  2 just  left 
there.  And  it  is.  Eventually,  well  want  to 
send  the  same  kinds  of  long-lived  orbi- 
ters  nowon  the  drawing  board  for  Jupi- 
ter and  Saturn.  But  given  the  Jong  travel 
ti mes  to  the  outer  Solar  System,  and  the 
full  plate  of  already  approved  planet- 
ary missions,  It's  unlikely  that  Uranus 
and  Neptune  orbiters  will  fly  until  well 
into  the  next  century  And  that  means 
well  probably  wait  until  nuclear  electric 
propulsion  comes  along. 

Ion  drive"  engines  could  revolu- 
tionize the  exploration  of  the  outer 
Solar  System  by  cutting  travel  times 
down  to  a few  years,  and  making  cer- 
tain missions— for  example,  a Miranda 
lander— possible. 

In  this  way,  human  and  robotic  explo- 
ration will  be  linked.  The  same  ion  drive 
engines  developed  to  send  cargo 
ships  to  Mars  for  human  expeditions 
could  also  be  used  by  planetary  robots 
that  would  open  up  new  worlds  to 
explore, 

Pluto 

Finally  there's  Pluto.  Despite  the  fer- 
vent hopes  of  a small  "Pluto  Under- 
ground," (Final  Frontier,  October  1989), 
a mission  to  the  last  planetary  holdout 
is  not  high  on  NASA's  list.  The  reason,  of 
course,  is  that  it  takes  too  long  to  get 
there — longer  than  most  scientists,  or 
congressional  appropriations  commit- 
tees, would  care  to  wait. 

Still,  if  the  costs  can  be  kept  down, 
NASA  is  interested  in  a Pluto  flyby  as 
one  option  for  its  new  "Discovery" 
series  of  cut-rate  planetary  missions.  A 
small  spacecraft  could  be  piggy- 
backed onto  an  asteroid  mission,  or 
onto  the  Solar  Probe  proposed  for  the 
next  century  or  onto  any  flyby  that 
takes  advantage  of  a gravity  assist  from 
giant  Jupiter. 

However  it  gets  there,  by  the  time  a 
Pluto  mission  arrives  at  its  destination, 
we  may  have  identified  nearby  stars 
with  planets  of  their  own,  if  they  exist. 

So  don’t  worry.  There  will  always  be 
someplace  new  to  explore. 
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for  nearly  two  years  will  keep  astrophy- 
sicists busy  well  into  the  next  century 
('like  having  a black  hole  in  your  back- 
yard as  a play  toy"  project  scientist 
Torrance  Johnson  once  remarked).  We 
may  find  out  if  the  processes  at  work  in 
Jupiter's  magnetosphere  are  similar  to 
what  is  occurring  in  faraway  objects 
such  as  quasars  and  pulsars.  Closer  to 
home,  iong-term  study  of  the  donut- 
shaped ring  of  ions  circling  the  planet 
along  its  magnetic  equator  could 
further  our  understanding  of  Earth's 
own  magnetosphere. 

The  Galileo  mission  also  is  expected 
to  add  immensely  to  our  understand- 
ing of  Jupiter's  beautiful,  yet  mysteri- 
ous, weather  systems.  The  Voyagers 
observed  the  swirling  cloud  masses  for 
only  a few  weeks  and  raised  as  many 
questions  as  they  answered.  Despite 
numerous  detailed  images  of  the  hur- 
ricane-like  Great  Red  Spot,  for  exam- 
ple, we  don't  really  understand  where  it 
came  from,  why  it  continues  to  exist,  or 
what  its  true  structure  is. 

No  one  claims  that  Galileo  will  solve 
all  of  Jupiter's  puzzles.  But  the  op- 
portunity to  examine  the  planet's  turbu- 
lent belts,  zones  and  spots  and  the 
way  they  interact  over  a period  of 
months  will  give  Jupiter  weather* 
watchers  the  same  advantage  enjoyed 
by  their  Earth-based  colleagues.  And 
it’s  just  possible  that  Jovian 
meteorological  studies  might  yield 
some  insights  into  some  of  Earth's 
strange  and  often  unpredictable 
climatological  phenomena. 

By  the  time  Galileo  finally  achieves 
Jupiter  orbit,  many  of  its  designers  will 
be  deadt  or  entering  their  eighties.  As 
Galileo  traces  out  its  Jovian  mandaia,  it 
will  be  steered,  interrogated  and  pam- 
pered by  people  who  are  younger  than 
the  mission  itself.  And  almost  certainly 
the  mission  will  pose  a whole  new  set  of 
questions  to  be  addressed  by  some 
future  generation  of  robotic  ex- 
plorers,... 

Jupiter  yet  again  fills  the  sky  ahead  of 
met  its  stormy  cloud  tops  resembling 
marbled  paper — or  swirls  of  colorful  oif 
floating  on  water  stirred  by  the  titanic 
finger  of  God  Himself.  The  mission  for 
which  I was  built  is  complete,  but  I will 
continue  circling,  my  orbit  intricately 
interlaced  with  those  of  the  Jovian 
moons. 

Perhaps,  some  day  they  will  come  to 
take  me  home . 

Ron  Miller  is  an  illustrator  spec/a//z/ng 
in  astronomical  subjects t and  is  co- 
author of  The  Grand  Tour.  Out  of  the 
Cradle  and  Cycles  of  Fire. 
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keep  on  coming,  climbing  sharply  as 
we  near  the  ring  plane.  Later  we  will 
learn  that  Voyager  is  experiencing  300 
impacts  per  second;  when  played  on 
audio  tape,  it  sounds  like  a heavy  rain 
on  a tin  roof.  Just  before  a planned 
break  in  transmissions,  we  see  the  dust 
begin  to  tail  off.  Thankfully,  nothing  lar- 
ger than  a micron— the  size  of  a parti- 
cle of  smoke  — strikes  the  spacecraft, 

At  JPL,  scientists  toast  the  news  of 
the  successful  ring-plane  crossing 
with  champagne,  while  Voyager  slips 
behind  Neptune.  Just  before  flying  into 
the  planets  shadow,  the  spacecraft 
trains  its  sensors  on  the  gaseous  hori- 
zon. As  the  Sun  sets,  Voyager  mea- 
sures its  dimming  light,  recording 
clues  to  the  structure  of  Neptune's 
upper  atmosphere. 

Some  49  minutes  later,  Voyager 
emerges  from  Neptune's  shadow, 
heading  for  Triton,  the  last  and  — 
project  scientists  are  hoping— one  of 
the  most  dramatic  "stops"  on  the  entire 
12-year  itinerary.  Triton  is  an  oddball 
moon,  circling  Neptune  backwards,  on 
a path  that  is  highly  Inclined  with 
respect  to  Neptune’s  equator.  Seasons 
on  Triton  vary  in  a strange,  erratic  cycle 
that  repeats  every  600  years.  Today, 
the  satellite's  southern  hemisphere, 
well  into  spring,  basks  in  the  dim  light  of 
the  Sun.  Its  northern  hemisphere, 
meanwhile,  is  in  the  midst  of  an 
unspeakably  cold,  continuous  night 
that  will  last  for  decades. 

Voyager's  early  images  of  Triton  have 
shown  that  it  is  somewhat  smaller  than 
scientists  expected,  about  1,700  miles 
across.  It  is  a peculiar  looking  place, 
rendered  in  pale  hues  of  pink  and  blue, 
a color  combination  unknown  any- 
where else  in  the  Solar  System. 


4:05 

Geologist  Larry  Soderblom  is  dis- 
cussing one  of  the  early  Triton  images. 
Even  from  these  far-off  views,  the  moon 
shows  signs  of  having  undergone 
great  changes.  Its  surface  is  very 
bright — whiter  than  new  snow— and, 
apparently,  free  of  large  craters.  It  must 
be  covered  with  fresh  ice,  and  that  sug- 
gests some  kind  of  volcanic  activity 
has  reworked  its  surface, 

in  this  frigid  realm  where  moons  are 
composed  mostly  of  ice,  Soderblom 
says,  scientists  speak  of  "cryo* 
volcanism"  and  of  "lavas"  composed 
not  of  molten  rock  but  of  water.  It's  too 
early  for  Soderblom  to  do  more  than 
speculate;  these  early  images  show 
only  enough  detail  to  be  tantalizing. 
Now,  in  the  small  hours,  we  wait  for  the 
closeups. 
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The  highest-resolution  images  of  Tri- 
ton will  take  great  engineering  pro- 
wess, Sunlight  at  Neptune  is  a 
thousand  times  weaker  than  at  Earth, 
requiring  Voyager's  cameras  to  make 
unusually  long  exposures.  But 
because  the  spacecraft  is  travelling  so 
fast,  it  will  have  to  track  Triton  like  a pho- 
tographer taking  pictures  from  a 
streaking  automobile.  Otherwise,  the 
images  would  be  hopelessly  blurred.  If 
it  works,  the  high-resolution  views  of 
Triton  should  show  features  as  small  as 
a city  block.  Whatever  they  show,  those 
pictures  will  be  a miracle. 


6:40  aiftt* 

The  first  closeups  of  Triton  appear  on 
the  screen,  and  they  are  almost  beyond 
comprehension,  unlike  anything  else  in 
the  Solar  System.  The  bright  ground  of 
the  south  polar  region  fills  the  frame, 
mottled  with  wisps  and  splotches  of 
bright  and  dark,  a maze  of  detail. 
Another  image  is  even  stranger:  The 
darker  equatorial  region  is  revealed  as 
a network  of  cracks,  dimples  and 
ridges  reminiscent  of  a ripe  melon. 
Indeed,  the  scientists  will  nickname 
this  "cantaloupe  terrain," 

On  a different  part  of  the  surface, 
great  cracks  transect  the  textured 
ground,  branching  from  one  another 
like  strange  icy  superhighways.  Still 
another  region  is  marked  by  vast, 
smooth  expanses,  as  if  an  ocean  has 
frozen  in  pface.  Only  rarely  do  we 
notice  amid  the  strangeness  the  com- 
fortingly familiar  sight  of  a crater. 

And  yet  there  is  something  uncannily 
familiar  about  the  pictures.  They  evoke 
a jumble  of  mental  images  of  other 
worlds—  the  smooth  white  face  of  Jup- 
iter's moon  Europa,  Uranus'  Ariel,  even 
the  wind-streaked  deserts  of  Mars.  We 
can't  resist  indulging  in  a bit  of  instant 
science,  offering  our  own  analyses.  At 
JPL,  in  the  Voyager  project's  inner 
sanctum,  so  are  the  scientists.  Project 
Scientist  Ed  Stone  will  later  tell  the 
press,  'We  were  all  standing  around 
with  our  mouths  hanging  open,  just  like 
you."' 

7:20 

A beautiful  summer  morning  haps 
bloomed  beyond  our  windows.  Suh- 
light  warms  the  slate  roof  of  the  church 
across  the  way,  under  the  rich  greens 
of  maple  leaves,  Opposite,  on  the 
monitor,  is  the  ghostly  limb  of  an  ice 
world  at  the  edge  of  the  Solar  System, 
like  some  deep-sea  creature  caught  in 
the  glare  of  a strobe  light.  Suddenly  the 
great  interplanetary  gulf  seems  very 
real,  and  Voyager  seems  like  a trespas- 
ser in  the  twilight. 

For  sheer  intellectual  adventure, 
nothing  quite  compares  to  that  first 
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moment  of  discovery  But  over  the  next 
few  days  a more  detailed  portrait  of  Tri- 
ton will  emerge  The  rnoon  is  cloaked 
by  an  exceedingly  thin  atmosphere 
(surface  pressure:  ten  millionths  of  that 
on  Earth)  composed  mostly  of  nitrogen 
with  a hint  of  methane,  which  extends 
nearly  800  miles  above  the  frozen  sur- 
face, Triton's  surface  temperature  is  a 
mind-numbing  400  degrees  F below 
zero,  making  it  the  coldest  known  place 
in  the  Solar  System. 

The  moon's  frozen-water  surface  is 
probably  covered  by  a layer  of  nitrogen 
and  methane  frost  in  constant  motion. 
Over  the  course  of  each  165-year  sea- 
son the  frost  evaporates  in  the  areas 
exposed  to  the  weak  rays  of  the  Sun, 
then  migrates  to  the  moon's  dark,  frigid 
regions,  where  it  condenses  again  as 
frost  until  the  sunlight  returns 

The  Voyager  scientists  offer  evi- 
dence of  a remarkable  life  history,  Tri- 
ton’s frozen-water  crust  has  apparently 
been  melted  and  re-frozen  several 
times.  But  what  made  Triton  so  warm? 
Perhaps  the  moons  strange  orbit  is  a 
clue:  It  may  have  begun  as  an  inter- 
planetary wanderer  that  strayed  close 
enough  to  Neptune  to  be  captured  by 
the  giant  planets  gravity  The  process 
could  have  been  so  stressful  as  to  melt 
Triton's  icy  interior,  resulting  in  outpour- 


ings of  water  onto  the  surface.  Today, 
we  see  the  frozen  snapshot  of  that  era, 
which  may  have  ended  some  two  bil- 
lion years  ago. 

In  Voyager's  photos,  Triton's  south 
polar  frost  cap  is  criss-crossed  with 
streaks  of  darker  material.  They  bear  a 
striking  resemblance  to  streaks  on 
Mars  that  are  attributed  to  deposits  of 
windblown  dust.  But  Triton's  winds  are 
far  too  weak  to  move  dust  around  — 
unless  the  dust  were  already  airborne. 
Soderblom  makes  a surprising,  it's- 
crazy-but-it-might-just-work  sugges- 
tion: The  streaks  emanate  from  small 
still  active  volcanoes.  As  little  as  60  feet 
below  the  surface,  depending  on  how 
much  heat  is  in  Triton's  interior,  condi- 
tions might  be  right  for  nitrogen  to  exist 
as  liquid,  Soderblom  is  betting  that  its 
there,  if  the  liquid  were  to  migrate 
upward  along  cracks,  so  his  theory 
goes,  it  would  turn  to  gas  in  a geyser- 
like explosion  that  would  send  a plume 
of  nitrogen  frost  and  bits  of  the  icy 
dusty  crust  flying  perhaps  20  miles  into 
the  air.  On  the  way  down  the  frost  and 
dust  would  be  carried  downwind,  as 
much  as  50  miles  from  the  point  of 
eruption,  and  would  be  laid  down  as  a 
long,  streak-like  deposit. 

It  s an  elegant  theory,  and  Soderblom 
gets  at  least  tentative  agreement  from 


other  members  of  the  science  team. 
The  scientists'  job  of  interpreting  these 
strange  photos— and  all  the  other 
Neptune  data  that  will  keep  coming  in 
until  the  encounter  ends  in  early  Octo- 
ber— is  only  now  beginning. 

Having  presented  us  with  such 
exotic  notions  as  nitrogen  ice  vol- 
canoes, Voyager  gives  us  something 
far  simpler  and  just  as  memorable  as  it 
leaves:  a postcard  from  the  edge  of  the 
Solar  System,  showing  Neptune's  slen- 
der crescent  with  Triton's  smaller  cres- 
cent just  beyond.  The  crescent  is  a 
familiar  image  from  the  Voyager 
encounters;  it  means  goodbye. 

It's  hard  to  think  of  that  August  night, 
and  of  other  similar  nights  in  the  past  12 
years,  and  not  feel  sadness.  Voyager 
has  given  us  great  gifts— it  has  made 
distant  worlds  known.  They  are  now 
ours  in  a way  they  never  were  before.  It 
will  probably  take  the  rest  of  a lifetime  to 
fully  appreciate  that  gift,  and  by  then 
Voyager's  real  journey  will  have  barely 
started.  Look  into  a dark,  starry  sky 
some  night  and  try  to  fathom  that  trip.  □ 

Andrew  Chaikin  wrote  about  the  Apollo 
missions  in  the  July/ August  issue.  His 
book  about  the  men  who  went  to  the 
Moon  and  their  experiences  is  forth- 
coming from  Viking  Press . 
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The  Dream  Team 

continued  from  page  37 

up  by  science  fiction  writers,  whose 
conceptions  have  to  work  only  in  terms 
of  their  stories,  the  Griffin-Hudson 
inventions  are  designed  to  function  in 
the  real  environment  of  space. 

Griffin  takes  a systems  approach.  He 
has  to  know  how  everything  will  work, 
where  the  astronauts  will  sit,  and  in 
what  positions.  When  he  designs  a 
space  suit  he  knows  that  in  zero- 
gravity.  bodily  fluids  are  not  distributed 
the  same  way  they  are  on  Earth.  Radia- 
tion hazards  must  also  be  considered, 
and  astronauts  who  spend  time  on  the 
Moon  or  Mars  may  have  to  wear 
shielded  underwear  to  protect  their  re- 
productive systems  (adding  a new 
urgency  to  the  command,  "Get  the  lead 
out!”). 

When  one  of  Griffin's  designs  arrives, 
Hudson  sets  to  work  translating  it  into  a 
realistic  painting.  The  first  step  is  a pro- 
portional drawing  to  get  all  the  dimen- 
sions and  measurements  exactly  right. 
Then  he  creates  a pen  and  ink  compo- 
sition, setting  the  design  in  its  intended 
environment.  The  next  step  is  to  build  a 
scale  model  called  a "proof  of  con- 
cept," to  see  if  the  design  works  in 
three  dimensions  and  to  study  the  way 


light  strikes  it.  A photograph  reduces 
the  model  back  to  two  dimensions. 
Finally,  Hudson  starts  on  the  finished 
picture,  applying  acrylics,  marking 
pens,  Crayolas,  "whatever  works”  to 
gessoed  gator  board.  To  depict  the 
surface  of  the  Moon,  the  artist  finds 
Earth  rocks  of  similar  shape  and  subst- 
ance, paints  them  to  resemble  Moon 


The  Griffin-Hudson  inventions 
are  designed  to  function  in  the 
real  environment  of  space. 
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rocks,  then  studies  the  way  light  falls  on 
them.  The  models— clay  astronauts 
and  styrene  space  ships—  remain  in 
Hudson's  studio  when  the  work  is  com- 
plete, but  NASA  has  shown  some  inter- 
est in  using  them  for  educational 
purposes,  he  says. 

The  next,  more  ambitious  step  for 
Griffin  and  Hudson  will  be  to  construct 
full-scale  mock-ups,  including  a work- 
ing man-machine  loop,  of  some  of  their 


creations.  One  design  is  a Lunar  Utility 
Vehicle,  or  LUY  capable  of  vertical 
take-offs  and  landings  so  it  can 
traverse  the  rugged  lunar  terrain. 
Another  is  the  Advanced  Lunar  Suit, 
which  will  have  vital  information  stored 
on  voice-activated  microchips  in  the 
suit  itself,  so  that  when  an  astronaut 
talks  to  himself,  he’ll  get  answers. 

The  Manned  Autonomous  Work  Sta- 
tion, or  MAWS,  is  an  updated  version  of 
Wernher  von  Braun’s  “Space  Bottle" 
concept— a small,  autonomous  mod- 
ule with  robotic  arms  that  can  be 
maneuvered  around  a larger  space 
station.  Air  pressure  inside  the  MAWS 
would  equal  the  pressure  in  the  station, 
so  the  astronaut  can  work  in  shirt 
sleeve  comfort,  free  to  use  his  hands 
for  everything  from  manipulating  the 
controls  to  scratching  an  itch.  At  pres- 
ent, an  astronaut  leaving  the  shuttle 
must  work  in  a clumsy  space  suit, 
spend  time  adjusting  to  the  change  in 
pressure,  and  don  a Manned  Maneu- 
vering Unit  to  have  the  same  mobility 

Five  years  before  President  Bush’s 
Moon-Mars  initiative  announced  last 
summer,  Griffin  had  begun  designing  a 
permanent  camp  to  house  astronauts 
when  they  get  there.  The  first  astronaut 
to  set  foot  on  Mars  will  receive  all  the 
acclaim,  but  if  Griffin  and  Hudson  don't 
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get  there  first  in  their  imaginations,  the 
trip  will  probably  be  impossible. 

There  is  a precedent  for  the  Griffin- 
Hudson  collaboration,  which  the 
painter  describes  as  a partnership 
between  a left-brained  and  a right- 
brained  person.  Back  in  the  1950s,  sci- 
entist Wernher  von  Braun  and  artist 
Chesley  Bonestell  also  worked 
together,  and  its  interesting  to  com- 
pare the  streamlined  craft  they  de- 
signed to  the  gawky-looking  machines 
we  are  actually  sending  into  space. 

Bonestell  is  one  of  Hudson's  heroes. 
Another  is  John  Wayne,  whose  poster 
graces  the  artist's  studio  as  a symbol  of 
the  pioneering  spirit  that  will  take  us 
into  space. 

Hudson  has  much  of  that  spirit  him- 
self, With  his  family,  he  is  building  his 
own  house,  studio  and  stables  in  the 
foothills  of  the  Cascades.  Next  year, 
Hudson,  his  wife  and  his  father-in-law 
will  ride  horseback  from  Mexico  to 
Alaska,  a journey  he  says  has  never 
been  done  before.  The  trip  will  be 
sponsored  by  National  Geographic , 

"It’s  all  one  big  adventure,'1  the  29- 
year-old  artist  says,  with  a gesture  that 
indicates  the  horseback  trip,  space 
and  life  itself.  His  children,  a boy  nine 
and  a girl  seven,  won't  go  along  on  this 
trip.  But  Hudson  sees  plenty  of  adven- 
ture ahead  for  them;  "They’re  the  peo- 
ple who  are  going  to  colonize  the 
Moon- 

Space  exploration  is  not  just  an 
adventure  to  Hudson,  it’s  a mission,  one 
he  believes  is  an  American  duty, 

"America,"  he  insists,  -has  a respon- 
sibility to  carry  people  to  the  stars,"  He 
describes  the  vision  quest  of  the  Amer- 
ican Indian,  young  men  going  out  into 
the  wilderness  in  search  of  a glimpse  of 
their  destiny. 

"Space  exploration  is  America's 
vision  quest,"  he  says.  If  young  people 
could  get  high  on  space  travel,  he 
believes  it  might  give  their  lives  more 
meaning.  That's  another  reason  his 
pictures  are  so  realistic.  He  wants 
space  travel  to  come  alive  for  those 
kids. 

"From  earliest  times,"  Hudson  says, 
"the  Moon  gave  us  something  to  look 
up  at  It  was  the  Impetus  to  go  higher ." 

An  artist  painting  realistic  pictures  of 
what  does  not  yet  exist.  John  Wayne 
sharing  a studio  with  an  astronaut.  Sud- 
denly, the  seeming  incongruities  o!  his 
career  merge  into  one  vision.  If  some- 
where in  the  western  United  States  next 
year,  you  see  a man  on  horseback  look- 
ing up  at  the  Moon,  say  hello  to  Paul 
Hudson,  □ 

Jerome  Richard  is  a freelance  writer  in 
Seattle.  His  last  article  for  Final  Frontier 
was  on  space  tourism . 
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ideas,  a lot  of  other  people  have,  At  the 
moment  one  of  his  pet  projects  is 
working  with  the  Japanese  to  set  up  a 
comet  sample-return  mission  with  the 
awkward  acronym  "SOCCER11  (Sample 
of  Comet  Coma  Earth  Return).  His 
plans  for  the  mission  call  for  a simple 
spacecraft  equipped  with  even  sim- 
pler scientific  equipment — panels  that 
would  unfold  to  collect  particles  as  the 
craft  flies  by  the  comet. 

To  keep  the  spacecraft's  weight  (and 
launch  costs)  down,  Farquhar  wants  to 
send  it  out  to  its  targeted  comet  via  a 
swingby  of  the  Moon,  which  provides  a 
gravity  boost.  In  fact,  the  entire  mission 
is  designed  with  cost  control  in  mind. 
“This  is  the  El  Cheapo  way  to  do  it,”  he 
says. 

Farquhar  managed  to  get  NASA 
interested  in  the  project,  in  his  own 
way:  “Don’t  give  away  my  trade  secrets, 
but  I kind  of  tell  [the  Japanese],  ‘Hey 
NASA  is  really  interested  in  doing  this.' 
And  then  ] go  back  to  NASA  and  say  the 
Japanese  are  interested.11 

In  Farquhahs  scenario,  NASA  would 
provide  the  collection  panels  andF 
possibly  a camera  system.  The  agency 
also  would  track  SOCCER  with  its  Deep 
Space  Network  antennas  and  pick  up 
the  craft  with  the  shuttle  and  an  Orbital 
Maneuvering  Vehicle.  Here's  where 
Farquhars  creativity  comes  in  handy 
again;  to  save  on  the  weight  of  a heat 
shield,  SOCCER  won't  be  designed  to 
re-enter  the  Earth's  atmosphere.  In- 
stead, the  craft  will  “aerobrake" — that 
is,  go  through  the  Earth's  atmosphere  a 
little  at  a time  to  cut  down  on  its  speed. 
It  will  take  about  100  passes  to  get  the 
craft  low  enough  so  that  the  OMV  can 
pick  it  up.  If  the  maneuver  isn't  done 
correctly,  the  craft  would  simply  burn 
up. 

The  Soviets  are  interested  in  Far- 
quhars ideas,  too:  In  1995  they  plan  to 
launch  a craft  called  IKI-2.  Since  the 
mission  is  part  of  an  international  pro- 
gram to  study  the  Sun  and  the  Earth 
which  also  involves  the  United  States, 
Farquhar  has  seen  preliminary  plans; 
IKI-2  will  be  placed  in  a small  halo  orbit. 
But,  says  Farquhar,  the  way  the  Soviets 
plan  to  go  about  it  will  use  up  a lot  of 
fuel. 

“We  know  that  the  way  to  get  there  is 
to  use  a I u nar  swin  g by  on  the  way  out — 
then  you  can  cut  [fuel  use]  down  to 
zero/1  he  says.  “So  I talked  to  their  guy 
at  our  last  meeting.  I’m  just  telling  them 
about  Newton's  laws;  it's  no  big  secret." 

Another  problem  with  the  Soviet 
plans  has  to  do  with  their  calculations 
for  a double  lunar  flyby.  Farquhar  digs 
out  an  illustration  of  their  plans  and 
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laughs.  “They  were  close,  but  it's 
wrong,”  he  says.  “It  won’t  work, 
because  it  goes  under  the  sur- 
face”— which  is  Farquhar’s 
offhanded  way  of  saying  the  space- 
craft actually  will  hit  the  Moon,  accord- 
ing to  his  calculations.  As  a result  of 
these  observations,  he  was  asked  to 
visit  Russia  last  April  (the  invitation 
referred  to  him  as  a "dynamic 
scientist”). 

“Farquhar’s  first  criterion  is  ‘what’s  in 
it  for  me’,"  he  jokes.  With  the  Japanese 
SOCCER  mission,  that  meant  he  got  to 
go  to  Japan  for  four  months  as  a visiting 
professor  at  the  Institute  of  Space  and 
Astronautical  Science.  (He  now  hap- 
pily gives  away  business  cards  from 
that  trip— one  side  is  in  English,  the 
other  in  Japanese.)  With  IKI-2,  it  meant 
a trip  to  Russia:  "The  Russians  invited 
me  over  there,  they  treated  me  nice,  I 
got  a trip  to  the  Soviet  Union.”  And,  he 
adds,  "I  got  to  learn  a lot  about  their 
plans.” 

Farquhar  still  has  a few  tricks  up  his 
sleeve.  For  instance,  he  could  send 
ISEE-3,  which  is  making  a long  journey 
back  from  comet  Giacobini-Zinner, 
back  to  its  original  halo  orbit  to  study 
the  solar  wind.  "All  these  scientists 
were  griping  that  we  took  it.  We  didn’t 
take  it,  we  just  borrowed  it.”  (ISEE-3  will 


return  to  Earth’s  neighborhood  in  2014.) 

Or,  he  could  press  the  European 
Space  Agency  to  let  Goddard  take  over 
the  Giotto  probe  that  flew  by  comet 
Halley  in  1986:  “If  they  find  out  in  1990 
that  the  camera  [on  the  craft]  isn’t  work- 
ing, ESA  has  no  plans  to  use  it  [again]. 
But  the  space  physics  instruments  are 
working:  NASA  could  use  it  for  that. 
Why  don’t  they  just  let  us  have  it  then?  It 
could  be  retargeted  to  go  to  another 
comet.” 

And,  of  course,  Farquhar  is  available 
to  help  calculate  lunar  swingbys  and 
halo  orbits  for  anyone  who  asks— 
provided  Goddard  Space  Flight  Cen- 
ter gets  the  credit.  "They  get  JPL  [the 
Jet  Propulsion  Laboratory]  or  Lewis 
Research  Center  or  one  of  those  guys 
to  call  me  up,  and  they  want  to  come 
down  here  and  get  all  our  program  soft- 
ware. I tell  them  how  to  do  a lot  of  this 
stuff,  and  there’s  not  even  a single  ref- 
erence to  Goddard. 

"There’s  a lot  of  competition  between 
the  [NASA]  centers."  Farquhar  con- 
tinues, quarrelsome  as  ever.  "I’m  willing 
to  help  people  out,  but  they  have  to  be 
honest  about  it.”  □ 

Devera  Pine  is  a Long  Island-based 
freelancer  who  writes  often  on  health 
and  technology. 
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from  the  highly-trafficked  ecliptic  plane 
where  the  planets  orbit  the  Sun- 
ground-based  telescopes  could  be 
immediately  trained  on  them  to  try  to 
confirm  their  existence. 

Apart  from  exploring  our  own  planet- 
ary neighborhood,  another  prime  con- 
cern is  the  possible  existence  of  other 
solar  systems.  Some  of  the  first  "guaran- 
teed time”  observations  will  search  for 
evidence— direct  or  indirect- — of  these 
extrasolar  planets.  Even  though  Hub- 
ble's mirror  is  on  the  cutting  and  polish- 
ing edge  of  technology,  it  may  be  unable 
to  resolve  actual  images  of  a small,  dark 
planet  orbiting  a bright,  distant  star.  But 
there  are  other  ways  to  identify  planet- 
ary “companions."  One  is  to  check  for 
minute  wobbles,  visual  and  spectrog- 
raphic,  in  the  motions  of  stars  that  may 
indicate  gravitational  tugs  by  large 
planets.  Another  is  to  search  for  circum- 
stellar  material  around  young,  newly 
formed  T-Tauri"  stars— matter  that  may 
eventually  develop  into  a planetary 
system. 

Using  a far-seeing  instrument  like  the 
space  telescope  to  observe  nearby 
objects  will  not  be  without  its  logistical 
problems.  Unlike  stars  and  galaxies, 
which  for  practical  purposes  remain 
fixed  against  the  stellar  background, 
planets,  satellites  and  other  "moving 
target  objects”  are  more  difficult  to 
chase  with  an  orbiting  telescope, 

“You  have  to  program  the  telescope  to 
follow  the  motions  of  these  closer 
targets,11  explains  Weaver,  and  the 
closer  an  object  is  to  Earth,  the  faster  it 
will  move  across  the  field  of  view 

After  the  first  year  of  operation,  when 
Hubbles  Idiosyncrasies  will  have  been 
worked  out,  scientists  at  the  Space  Tele- 
scope Science ! nstitute  plan  to  set  aside 
blocks  of  telescope  time  for  planetary 
observations.  Collectively  called  the 
Planetary  Campaign,  these  chunks  of 
viewing  time  will  give  the  astronomical 
community  a chance  to  conduct  planet- 
ary "missions"  without  ever  leaving 
home,  and  to  build  on  the  knowledge 
gained  by  such  planetary  spacecraft  as 
Viking  and  Voyager. 

"Unlike  deep  space  objects,"  says 
Brown,  “we  understand  a great  deal 
about  the  planets  of  the  Solar  System. 
Being  at  this  level  of  [astronomical] 
maturity  means  that  the  kinds  of  investi- 
gations we  are  now  doing  are  no  longer 
for  pure  discovery,  although  there  will  be 
discoveries.  Now  we  are  asking  deep 
analytical  questions  based  on  what  we 
know"  □ 

Patricia  Barnes-Svarney  is  a freelance 
writer  in  Endweil,  New  York. 
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Name  


Address: 

City. 

Stale: 

Zip: 

SPACEFLIGHT  PRODUCTIONS 


The  greatest  adventure  takes  you  back  to 
the  dawn  of  the  space  age,  with  Robert 
Goddard's  invention  of  rocket  fuel, 
Werner  Von  Braun's  rocket  research, 
leading  up  to  the  first  step  on  the  moon, 
appr.  54  min.  $29.95 


Every  major  highlight  of  nine 
epic- making  days  is  included,  from 
lift-off  to  splashdown,  join  Walter 
Cron  kite  and  host  Dan  Rather  as  they 
look  back  at  this  phenomenal  event  of 
world-wide  significance,  appr  60  min. 

$29.95 


* INTRODUCTORY  * 
SPECIAL 
* OFFER  * 
BOTH  VIDEOS  FOR 
ONIY 

$49.95 

S/H -$3  1ST  VIDEO 
$2  EACH  ADD. 
CHECK 
OR 

MONEYORDER 
TO:  SPACEFLIGHT 
PRODUCTIONS 
38  BRAWLEYAVE. 
TORONTO 
ONTARIO 
CANADA 
M8Z4Z4 


VHS  OR  BETA 


ONTARIO  RESIDENTS  ADD  8%  pst*********** 


******************** *********** 


"ALLOW  4 TO  8 WEEKS  FOR  DELIVERY 


Classifieds 


VIDEOS 


SPACE  FLOWN  MEMORABILIA  & VIDEOS 

ACTUAL  SPACE  FLOWN  Ancles  atong  with  actual  APOLLO 
CM  & LM  Hardware  & Apollo  Tracking  Chart*!' 
Over  40  1 Hr.  Mission,  Video*  containing  over  $Q  MISSIONS. 
Examples:  Apollos  10  & 11,12ft  13.  14  & IS,  IS  & \7, 
Plus  all  Shull le  Missions  --  Only  it 9. 05  each  If 
Apollo  f Shull  le  Press  Kits  & Flighi  Plans  available  I! 
STS  29  Press  Kit  (Into)  Si  0-00  FLIGHT  PLAN  $20.00 
AVD  767  SI.  Michaels  Dr.  Milch  eltville,  MD  20716 


■ THE  TELEVISION  ADVENTURE  OF  SCIENCE  FACT 
ENJOY  THE  SIGHTS  AND  SOUNDS  OF  THE  SPACE  AGE 


ON  YQim  HOME  VIDEO  SYSTEM  . 


THE  SHUTTLE  ERA'  . 

THE  EXCITING  HISTORY  Of  ' ■ ■'  * 

* AMERICA'S  REACH  TD  THE  STARS  * ;; 


INSTEREO 

. AVAILABLE  NOW  ON  POPULAR  HOME  FORMATS  * 

1 VHS  si  9*95  BETAMAX 

’ . \ INCLUDES  SHIPPING 

SEND  CHECK  Oft  MONEY  ORDER  IP:  - 

AMERICA  IN  SPACE  * I H 1 
„ . - ID-1  SEVENTEENTH  STREET.  STE  3 . 

b.  OAKLAND.  CALIFORNIA  94G1Z  - * . 

' V IMPORTANT  SPEClfY  YOUR  VIDEO  FORMAT  ' 

INCLUDE  SHIPPING  INSTRUCT IDWS  WITH  YflUft  ORDER 


SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury,  Gemini,  Challenger,  and 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  tor  out  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Dept.  F 
PO  Box  3698,  Ontario,  CA  91761 


ROCKETRY 

ROCKETS1  SPACESHIPS!  Ou I -ol- production,  hard- 
toTind:  model  rocketry  plastic  kits,  plans,  literature, 
space/S F collectibles.  Catalog  Si.  ACME  ROCKET 
COMPANY  Box  28283- FF39,  Tempe,  A 2 65285 

HOBBIES  & KITS 


LASER  PHASERS  PLASMA 

Plasma  sabres,  tesla  coils,  anti  gravity  see  in 
the  dark,  surveillance,  force  fields,  personal 
protection  etc.  and  many  others.  CATALOG 
of  plans,  parts,  kits  and  assembly s send 
$1.00  to  Amazing  Concepts,  Dept  FE  PO  Box 
716,  Amherst,  NH  03031 


BOOKS  & PERIODICALS  CLOTHING 


SOVIET  MILITARY  SPACE  CHALLENGE.  Illustrated 
complete  report,  $15.  STRATAGEM  PUBLISHERS, 
Dept.  A,  168  Northcliffe  Dr.,  Winnipeg,  Manitoba, 
Canada  R2C  4J4  


SPACE  FRONTIERS.  Journal  of  space  history  Scale 
plans,  modeling  $l5/year  bimonthly  Free  informa- 
tion and  back  issues  list,  SPACE  FRONTIERS,  PO 
Box  6468,  Newport  News,  Virginia  23606 


THE  EXTRATERRESTRIALS 
AND  THEIR  REALITY 
The  unmasking  of  the  ETs, 
Informative,  fascinating,  and 
controversial  revelations  as  reported 
by  witnesses  and  the  ETs  themselves.  100 
pgs.  $10.00  postpaid.  Check  or  money  order. 
JACO,  P.O.  Box  3135E,  Prescott,  AZ  86302. 


T-SHIRTS  & SWEATS 


_ N;  .1*  h 


t-  shirts-  U2 
heavy  wt cotton 
sweats  $20 
heavy  wt.  50/50 


bath  shirts  are 
navy,  and  come  in 
S.M.LJL.  adult 
4 color  design 
E 1*00  2234607 


shipping  SI. 50  1st  item,  SI  ea.addUtem 
payment  visa, mc(include  exp. date)  thk.mo,  mail  to 
CALEDONIAN  GRAPHICS,  PObox  875,  Zephyrh ills, FL 33539 


KEEP  UP  TO  DATE  WITH  NASA  USING  YOUR 
COMPUTER.  "NASA  SPACE  LINK  USERS 
GUIDE.”  Send  $8,00  check  lo:  CORE,  PO,  Box 
25594,  Fresno,  CA  93729 


Space  Times  Journal 

Bold  editorials,  space  sd-fi  shorn  stories,  astronomy 
forecasting,  asuopnotography  and  investigative  reporting. 
Finally  ■ a political,  non-partisan  Look  at  current  issues  cm  space. 

Sample  $2.00 

Subscribe  today  - $10.00/6  issues 

Space  Times  Journal 
Suite  1*8,  33  University  Sq.,  Madison,  W1  53715 


EDUCATION 


U.S.  SPACE  CAMP® 

now  ior  □ week-long  artventute  into  astro- 
naut training  and  simulated  Space  Shuttle  missions. 
Grades  4-6  for  U.S.  SPACE  CAMP  m Alabama  and 
Florida-  Grades  7-12  lor  U.S.  SPACE  ACADEMY^ 
Write  US,  SPACE  CAMP  ‘89.  Bo*  1 6S0. 

Hurilsvalte . AL  35307.  or  call  toll-free 
1 - BOO-63 SP  AC  E . ir  A aba  ”■  a 
-n : 305-837-3400. 


PHOTOGRAPHS 


COLLECT  SPACE 

Full-color  photographs 
from  the  Apollo  and 
Shuttle  missions 

* Spectacular  views 

* Sizes:  8 X 10,  11  X 14 
16  X 20 

* Reasonable  prices 
■ Money -back  guarantee 

Send  for  FREE 
information 

Pnolc  Credfl  NASA 

SPACE  IMAGES 

P.O.  Boi  M6SH-H  * Houston,  TX  77258  * 713/t?H-S7ffi> 


SRftCE  & ASTRONOMY  DESIGNS 
ON  HEAVY-WEIGHT 
■«£  T-SHIRTS  + SWEATS 

| * CALL  OR  WRITE  FOR  FREE  CATALOG 

, CittdOnian  GjjjrfUCi , 

V.  % ' 


M 


PO  Boi,  875,  itptiyrhWi.  Ft.  3 4283. 

1-500-583-46  07 


BUSINESS  OPPORTUNITIES 

EARN  UP  TO  1,000%  PROFITS  selling  popu- 
lar moneymaking  business  books  by  mail! 
Learn  how  to  make  money  in  your  spare  time 
at  home.  For  business  catalog  send  $2.00  to: 
Futuregold  Enterprises,  PO  Box  1831,  Burling- 
ame, CA  94010 


PERSONAL  COMPUTER  OWNERS  CAN 
EARN  $1000  to  $5000  monthly  selling  simple 
services  part  time.  Free  list  of  100  best  serv- 
ices. ATM. DM,  Box  60369,  San  Diego,  CA 
92106 


GET  PAID  for  mailing  letters!  $200.00  daily. 
Write:  PAASE-SS1,  161  Lincolnway,  North 
Aurora,  IL  60542 


PLANETARY  MAPS 


PLANETARY 

MAPS 

Explore  the  moons  and  plan  els  of  our  Solar  System 
with  planetary  maps  from  Exploration  USA,  Now 
available  are  maps  of  Mercury,  Venus,  the  Moon,  M&rs 
and  several  ol  ihe  moons  ol  Ihe  outer  pianets:  Jupiter, 
Saturn  and  Uranus.  Besides  being  educalional,  these 
maps  are  Ideal  as  gifts,  or  for  display  ai  home,  In  Ihe 
office  or  in  the  classroom. 

Fora  free  list  of  planetary  maps  write: 

Exploration  USA  PC  EH.  a 

P.O.  Boi  S16B  Laural.UD  20707 


HICS 


SPACE  COLLECTIBLES 


SHUTTLE  FORWARD  INSTRUMENT  PANEL/ 
POSTERS  - (14"  x 35")  designed  for  defunct 
space  theme  park  near  KSC.  Send  check  for 
$18.75  c/o  RIO  BANANA  TRADING  COMPANY 
414  Skylark  Blvd.,  Satellite  Beach,  FL  32914 


SP/ICE  + SHI  RTS 


I • T-shirts  • Sweatshirts  ■ Super  color  photo  images  • I 

NASA’s  Fvi  Earth  Orion  Neb  Horsehead  Neb  Andromeda 
[Ifrse  star  MAPI  $13.95  for  T-shirts. . . $21 .95  for  Sweats  | 


SP/ICE  + C/IPS 


I Ful  Earth  Orion  Nebula  Horsehead  Neb  Andromeda  I 
| Baseball  style  adjustable  caps  Black  - Navy  - Gray  . . . $5  95  | 


SP/ICE  m/1RhER5 


Photo  Book  Marks  • Actual  color  photo- prints  . . $4.95  per  set 
[Sets]  Set  1 ■ Horsehead  Neb. -Star  Trails-  Trifid  N- Galaxies 
I of  4 1 Set  2-  NASA’s  - Earthrise  -Sat  urn-  Jupiter-  Moon  v/Erth 

HllSPECIAL  I I Take  $2.00  off  each  T or  Sweat  with  this  aTi7| 
For  shipping  send  $1.50  for  1st  item....50c  each  additional 
YISAAM.C.  phone  orders: (800) 356*1 733 -Cai  (213)456-2496 
Or  send  check  or  M 0. to  SCIENCE  & ART  PRODUCTS 
P.O.BOX  1166  Dept  S • Malibu,  CA  90265 
V»WTE  FOR  FREE  COLOR  BROCHURE  


MADE  IN  SPACE  ABOARD  CHALLENGER  DUR- 
ING STS-6.  CHALLENGER'S  MAIDEN  FLIGHT. 
“THE  FIRST  SPACE  PRODUCT"  $5  00  ppd 
includes  certificate  verifying  authenticity  BYLINA, 
PO  Box  25844.  Colorado  Springs.  CO  80936 


METEORJTES 

AVAILABLE  TO  'Sf.  . 

ASTRONOMERS.  SCHOOLS 
INSTITUTIONS  AND  PRIVATE  : 

COLLECTORS  STONES  4 IRON  “ 

SPECIMENS  UNITED  SUPPLY. 

ROBERT  A.  HAAG  — METEORITES 
Boi  27527  Tucson.  AZ  85726 

- PLEASE  SEND  52  00  FOR  FULL  COLOR  CA  TALOC 
RtfunaaOte  on  first  order 


METEORITES! 

AUTHENTIC  SPACE  COLLECTIBLES 

Display  stands,  space  jewelry,  books, 
photographs.  Catalog  $2.  (Refundable) 
BUMANY  TRADING  COMPANY  „ 

C l 06525  1 (203)  393-3395 


SPACE  PATCH  COLLECTORS!!  We  will  keep  your 
collection  growing  monthly.  Catalog  with  over  200 
patches  and  sample  newsletter  $1.00  (Refund- 
able). SPACE  PATCH  COLLECTORS  CLUB.  PO  Box 
17310,  Pittsburgh,  PA  15235 


SOVIET  SPACE  SHUTTLE- 
V0YAGER/NEPTUNE-6ALILE0 
Exclusive  Official  Pins 
Cosmonaut  Jacket  Patches 
GALILEO  PROJECT  T-SHIRTS 
COMPLETE  SOVIET  INTERKOSMOS 
PATCHES/PINS/DECALS 
APOLLO  XXTH  ANNIVERSARY 
Complete  NASA  30  years  PINS/PATCHES 
SPACECOM  INTERNATIONAL,  Box  7304-223F 
North  Hollywood,  CA  91603-7304 
Send  S2/SASE  for  International  Catalog 
(deductible  from  order) 


SPACE  PATCHES,  The  Number  One  Space  Collect- 
able. Over  200  different  designs.  NASA.  ESA, 
USSR,  Canada,  Space  Probes.  Special  Projects, 
Military.  Also  pictures,  tie  tacs,  decals,  medallions, 
etc.  Illustrated  brochures.  $2.  (refundable).  SPACE- 
LAND,  PO  Box  540775-F  Merritt  Island,  FL  32954 


SPACE  SHUTTLE  PROGRAM  exciting  color  prints 
collection.  For  catalog  and  sample  send  $1.00  to 
SPACE  COLLECTION,  Box  701-F  Cape  Canaveral. 
FL  32920 


RIGHT  STUFF:  NASA  * ESA  * USSR  Space 
Catalog  Patches  - Medals  - Insignia  - Books  - 
Toys  - Kits  A Decade  of  Worldwide  Service  - 
Catalog  $2  STAR  REALM,  7305  South  85  St., 
Omaha,  NE  68128 


COMPUTERS  & SOFTWARE 

Hundreds  of  IBM  PC  Shareware  and  public 
domain  programs.  2 disk  sampler,  $5  (ship- 
ping/handling). FREE  catalog  and  coupon. 
SoftWareHouse,  PO  Box  5111,  Phillipsburg, 
NJ  08865-5111 


Shareware  collection  of  space  databases 
with  detailed  information  for  the  Apple  II  com- 
puter. $12.  Write  for  Ordering  Information: 
SPACEWORKS,  PO  Box  6246,  Bridgeport,  CT 
06606 

RATES  & REQUIREMENTS 

$55  minimum  for  25  words.  $1.75  each  additional 
word.  10%  discount  if  prepaid  for  3 issues  (same 
ad);  15%  discount  prepaid  for  6 issues.  Box  or  blind 
ad.  $10  additional.  Payment  must  accompany  order. 
Non-commissionable.  Include  name,  address  & 
phone  number.  Advertising  accepted  at  sole  dis- 
cretion of  publisher. 

DISPLAY  CLASSIFIEDS 

$110  per  column  inch,  one  time;  $95  per  column 
inch.  3 times;  $90  per  column  inch.  6 times.  Column 
inch  is  2'A  in.  wide.  Please  design  height  in  whole 
inches.  Display  ads  can  be  designed  Tor  an  addi- 
tional charge. 

DEADLINE  & MAILING  INSTRUCTIONS 

Copy/mechanicals  must  be  received  60  days  prior 
to  publication  date  (i.e.  Dec  1 for  Jan/Feb  issue). 
Mail  copy  or  materials  with  payment  to:  FINAL 
FRONTIER  MAGAZINE,  Classified  Dept.,  2400 
Foshay  Tower,  Minneapolis,  MN  55402.  For  further 
information,  call  Stephen  Martin  at  612-332-3001. 


DISCOVER  WORLDS  BEYOND. . . 


© 1989  Tosco  Soles,  Inc.  TAD-289-1 087-SR 


Discover  worlds  you  never  imagined 
with  Tasco's  4V2"  Reflector.  Capable  of 
resolving  12th  magnitude  objects,  the  11TR 
Lunagrosso  lets  you  visit  galaxies  light-years 
from  earth.  Observe  the  moon  in  startling 
detail.  Marvel  at  the  rings  of  Saturn.  View  the 
Galilean  satellites  of  Jupiter.  The  Lunagrosso 
will  accompany  you  on  all  your  celestial 
voyages.  Tasco...  where  imagination 
becomes  reality. 

Choose  from  Tasco's 
broad  line  of  accessories: 

•Clock  Drive  for  hands-free 
tracking. 

• Photo  Adapter  Tubes 
and  T-Mounts  for 
astrophotography 

• Electric  Focus,  vibration- 
free,  at  the  touch  of 
a button. 

Write  Tasco  Telescopes.  Dept.  FF11- 
1289.  P.O.  Box  523735.  Miami.  FL  33152 
and  send  $2.00  for  a lull-color 
telescope  catalog.  In  Canada  write 
Optex  Corp..  52  Lesmill  Road,  Don 
Mills.  Ontario.  Canada  M382T5. 


The  closer  you  look, 
the  better  we  look. 


Destinations 


Only  he  who  keeps  his  eye  fixed 
on  the  far  horizon 

will  find  his  right  road, 

Iktfj  Ilnmmankjolrt,  1964 


Dave  Scott  looks  out  from  the  open  hatch  of  the  Apollo  9 command  module,  March  1969. 
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.echnology. 


Demonstrated  ^j^Excellence  in  Space 


The  word  implies  bold 
vision,  new  heights*  The 
reality  provides  more 
services  for  less  cost. 

At  GE  Astro  Space  we 
have  enhanced  value 
through  technology  for 
thirty  years*  Building 
upon  scientific  advances 
in  materials,  devices  and 
computer  programs,  we 
have  engineered  three- 
axis  stabilized  attitude 
control,  cross-polarized 
antenna  systems,  space- 
craft autonomy,  all 
composite-based  struc- 
tures and  high-electron 
mobility  transistor  low- 
noise  amplifiers.  These 
advances  have  increased 
spacecraft  lifetime,  reli- 
ability and  capability 
while  decreasing  weight, 
complexity  and  cost. 

With  our  current 
innovations  in  satellite 
servicing,  batteries, 
structures,  mission 
analysis,  attitude  con- 
trol and  propulsion,  our 
customers  will  experi- 
ence more  services  for 
less  cost  well  into  the 


next  century. 


GE  Astro  Space 


Innovation 


SETTING  THE  CLOCK  BACK 


hundreds  of  questions,  but  undoubtedly 
posing  thousands  more. 

EAIIDTEEN  Rill  I AM  VEADC  The  Hubble  Space  Telescope  represents 
rVUlil  EEll  DILLIUn  1 CHnJt  one  of  Lockheed's  greatest  achievements 


Imagine  capturing  the  image  of  the  universe 
shortly  after  its  creation.  The  momentous  launch 
of  the  Hubble  Space  Telescope  will  open  a win- 
dow into  space  that  will  allow  us  to  see  the  cos- 
mos as  never  before 

The  Space  Telescope  is  capable  of  seeing 
14  billion  light-years  into  the  past.  The  images 
we  receive  will  be  those  of  the  universe  as  an  in- 
fant. which  may  hold  the  key  to  the  creation  and 
ultimate  fate  of  the  cosmos.  But  the  Space  Tele- 
scope will  function  as  much  more  than  a cosmic 
time  machine. 

The  Space  Telescope  will  reveal  unimagined 
secrets  of  the  universe,  providing  answers  to 


Art  Courtesy  Ol  NASA 


in  systems  integration.  The  monumental  task  of 
coordinating  this  international  effort  has  given 
humanity  a tool  to  expand  the  cosmos.  From  the 
first  Agena  rocket  launch,  to  the  first  steps  on  the 
moon,  to  the  new  Advanced  Solid  Rocket  Motors 
for  the  Space  Shuttle,  Lockheed  has  been  an 
integral  part  of  NASA's  accomplishments.  And  as 
the  most  broadly  based  contractor  of  the  Space 
Station  Freedom,  Lockheed  is  keeping  the  clock 
running  into  the  next  century  of  space  exploration, 

~=^Lockheed 

Missiles  & Space  Company 

Giving  shape  to  imagination. 


